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INTRODUCTION 



This manual has been prepared for use by Peace Corps Volunteers 
in solving Relet problems requiring rriutlu maticaj calculations. It is 
intended as a practical handbook containing problem examples and data 
pertinent to the needs of Volunteers as those needs have been observed, 
by Development and Resources Held stuff. Subject areas have been 
limited to those observed as being of most frequent interest to Volunteers 
in their project activities in agricultural' programmes. 

Many of the problems and exercises are developed from 6h-the-jot> 
problems that Volunteers have experienced. Others have beer included 
as a result of field observations made by Development and Resources 
staff. 

This manual is designed to convey insights into various agricultural 
practices arid techniques. Primary emphasis is given to providing 
answers and procedures for the solution of specific agricultural mathe- 
matic problems: Care has been taken to make the content and problems 
realistic and meaningful. It is hoped this text will help serve the Peace 
Corps Volunteer in the agricultural field by enabling him to more quickly 
identify and resolve specific problems encountered, and requiring the 
use of mathematics in resolution. 

Each of the six units of this text is complete and substantially self- 
contained. Each unit may be used as a review or as new material. Prob- 
lems and procedures for solution are structured to provide him with in- 
formation on a specific topic, a representative problem and a detailed 
procedure for solution. Thus, he should be able to extrapolate beyond 
the topic of immediate concern to apply the principles and procedures 
to other problem areas encountered. 

Development and Resources Corporation sincerely hopes that Peace 
Corps Volunteers will find this manual a useful working tool and helpful 
in their project activities. 
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UNIT A— PRELIMINARY 1NF8RMAT1QN AND REVIEW 



1. MEASURING TOOLS AND METHOD S 

Practical agriculture requires the ability to measure with a degree of 
accuracy. This means using the right tool, determining the eorreet 
measurement and applying it to the solution of a problem. Thus, the 
following is a brief review of the most common measuring tools actu- 
ally being used. 

Measurements with a Common Rule 



To take a measurement with a common rule, hold the rule with its edge 
on the surface of the object being measured. This will eliminate errors 
which might result due to the thickness of the rule. Except in tapes, this 
thickness causes the graduations to be a slight distance away from the 
surface of the object. Read 
the measurement at the gradu- 
ation which coincides with the 
distance t9 be measured, and 
state it as being so many inches 
and fractions of an inch. (See 
FIGURE 1.) Always reduce 
fractions to their lowest terms, 
for example, 6/8 inch would be 

called 3/4 inch. FIGURE 1 




Measuring the Length 

The length of bolts and screws are 
best measured by .holding them up 
against a rigid rule or tape. Hold 
both the bolt or screw to be meas- 
ured and the rule up to your eye 
level so that your line of sight will 
not be in error in reading the meas- 
urement. As shown in FIGURE 2, 
the bolts or screws vvitri counter- 
sink type heads are measured Yrom 
the top of the head to the opposite 
end, while those with other type 
heads are measured from the bottom 
of the head. 



a Bolt or Screw 




F 



o 

FIGURE 2 



Measuring the Outside Diameter of a Pipe 



i| 2! ' Sj ? 5j 



To jilcasiire the outside diameter of a pipe, it is best id use some kind 
of rigid rule. A folding wooden rule or ii steel rule is satisfactory for 
this purpose: As shown in FIGURE 3, line up the end of Uie rtisc with 
one side of the pipe, using 
your thumb as a stop. Then 
with the one end held in place 
with your thumb, swing the 
rule through an arc and take 
the maximum reading at the 
other side of the pipe. For 
most practical purposes, 
the measurement obtained by 
using this method is satisfact- 
ory. It is necessary that you 
know how to take this measure- 
ment as the outside diameter of 
pipe is the only dimension given 
bit pipe specifications. 
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FIGURE 3 



Measuring Inside Diameter of Pipe with a Rule 



To measure the inside diameter 
of a pipe with a rule, as shown 
in FIGURE 4, hold the rule so 
that one corner of the rule just 
rests on the inside of one side 
of the pipe. Then, with brie end 
thus held in pL.cc, swing the rule 
through an arc and read the diam- 
eter across the maximum inside 
distance. This method is satisfact- 
ory for an approximate inside 
measurement. 




READ 
MEASUREMENT} 
HERE * 



FIGURE 4 



Measuring thr Circumference of a Pipe 



To measure the circumference of a pipe, a flexible type rufe that will 
conform to the cylindrical shape of the pipe must be used. A web tape 
rule or a steel tape is adaptable for this job. When measuring pipe, 
make sure the tape has been wrapped squarely around the axis of the 
pipe (i.e., measurement should be taken in. a plane perpendicular to 



the axis), to ensure that the 
reading will hot be more than 
the actual circumference of 
the pipe. This is extremely 
important when measuring 
large diameter pipc\ 
Hold the rule or tape as 
shown in FIGURE 5. Take 
the reading, using the 2- 
inch graduation, for ex- 
ample, a? the reference 
point. In this case the 
correct leading is found 
by subtracting 2 inches 
from the actual reading. 
In this way the first 2 inches 
of the tape, serving as a 
handle, will enable you to 
hbid the tape securely. 




read ibVe* 

ACTUAL ClRCUM. 

ioVe-2 *eVe" 



FIGURE 5 



Measuring an Inside Dimension Using a Folding Rule 

To take an inside measurement, such as the inside of a box, a folding 
rule that incorporates a 6 or 7 inch sliding extension is one of the best 
measuring tools for this job. To take the inside measurement, first 
unfold the folding rule to the approximate dimension. Then extend the 
end of the rule and read the length that it extends, adding the length of 
the extension to the length on the main body of the rule. (See FIGURE 
6). In this illustration, the length of the main body of the rule is 13 
inches and the extension is pulled out 3 3/16 inches. In this case, the 
total inside dimension being measured is 16 3/16 inches. 




FIGURE 6 
3 
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Measuring an Inside Dimension Using a Tape Rule 



In FIGURE 7, notice in the circle that 
the hook at the end of the particular 
rule shown is attached so that it is 
Free to ihbve slightly. When the out- 
side dimension is taken by hooking 
tiitf end of the rule over an edge, ^the 
hook wih .ocate the end of the rule 
even with the surface from which the 
measurement is being taken. By be- . 
ing free to move, the hook will re- 
tract away from the end of the. rule 
when ah inside dimension is taken. 
To measure ajl inside dimension 
using a tape rule, extend the rule 
between the surfaces as shown, take 
a reading at the point on the scale 

Where the rule enters the case, and add 2 inches. The two inches are 
the width of the case. The total is the inside dimension l;Hrig taken. 
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Measuring an Outside Dimension Using a Tape Rule 

To measure an outside dimension using a tape rule, hook the rule over 
the edge of the stock Pull the tape out until it projects r Tar enough from 
the case to permit measuring the required distance. The hook at the end 
of the rule is designed :o that it will 
locate the end of tne rule at the sur- 
face fr >m which the measurement is 
being taken. (See FIGURE 8). When 
taking a measurement of length, the 
tape is held parallel to the lengthwise 
edge. For measuring widths, the 
tape should be at right angles to the 
length-wise edge. Read the dimen- 
sion of the rule exactly at the edge 
of the piece being measured. It 
may not always be possible to hook 
the end of the tape over the edge of 
stock being measured. -Tn this case, 
it may be necessary to butt the end 

cf the tape against another surface or to hold the rule at a starting point 
from which a measurement is to be t£ke;i. 




FIGURE 8 



How to Use a Steel Tape or Web Tape 

Steel or web tapes are generally used for making long measurements. 
Secure the hook end of the tape to the outside edge, or corner, or end 
of the object to be measured. Hold the tape reel in the hand and allow 
it Lo unwind while walking in the direction in which the measurement is 
to be taken; Stretch the tape with sufficient tension to overcome sagging. 
At the same time make sure the tape is, parallel to an edge or the sur- 
face being measured. Fa'ad the graduation on the tape by noting which 
line on the tape coincides with the measurement being taken. 

: Measuring Depth with a Combination Square 



When using a combination square for 
measuring the depth of a slot, rest 
the squaring head on the surface of 
the work. (See FIGURE 9). Loosen 
the blade friction screw arid extend 
the blade to the bottom of the slot or 
shoulder, and retighten the screw to 
maintain the setting. . Read the depth 
of the slot on the scale. 



Before you cut pipe; make certain 
the required correct length is de- 
termined. There are three' meth- 
ods of measuring threaded pipe, 
and you must understand the^e 
methods if the pipe is to be cut 
to the correct length. (See 
FIGURE SO); 

The end-to-end method includes 
measuring- the threaded portions 
of the pipe and measuring the 
pipe from end to end. The end- 
to-center method is used on a 



Measuring Iron Pipe to Length 



FIGURE 9 



END TO END MEASURE 



tND tO CENTER MEASURE 



CN7E8 TO CEHTEft MEASURE 



FIGURE 10 
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section of pipe that has a fitting screwed on one end bill y; measure from 
the free end of the pipe to the center of the fitting at the other end of the 
pipe. The center-to-centcr method is used when both ends of the pipe 
have fittings; measure from the center of one fitting to the center of the 
other fitting at the opposite end of the pipe. 

The approximate length of thread on 1/2 and 3/4 inch wrought iron or 
steel pipe is 3/4 inch. On 1, 1 1/4, and i ; 1/2 inch pipe, it is approxi- 
mately 1 inch long. On 2 and 2 1/2 inch pipe, the length of thread is 
1 1/8 and 1 1/2 inches respectively: 

1 

To determine the length of pipe required, take the measurement of in- 
stallation such as center to center of the pipe /'-quiring two fittings. 
Measure the size of the Fittings. Subtract the total size of the two fit- 
tings from the installation measurement. Multiply ihe approximate thread 
length by 2 and add the result to the length obtained : This will give the 
length of pipe required. 

-After the length of the pine has been determined, measure the p ; pe and 
mark the spot where the cut is to be made with v> scriber or crayon. 
Lock the pipe securely in a pipe vise and cut to length: 



.2. FUNDAMENTAL IDEAS IN GEOMETRY 

Many of the basic ideas in geometry are used by people every day. A 
farmer i.n dividing his farm into fields, in rowing his crops, and in 
planning an orchard uses geometry. The agriculture mechanic continu- 
ally makes use of geometric principles. He knows that he cannot turn 
a five-sided nut with an ordinary wrench. He is familiar with the circle, 
the square, and various geometric forms as they enter into tools and land 
usage. When he does carpentry, he uses geometry constantly. Every 
use to which he puts his square depends upon geometry. We see geometric 
forms of utility and beauty on every side, in forms of nature, in buildings 
and bridges, in landscape gardening .and in the field. In the study of geom- 
etry, -we are concerned with these forms, in classifying and naming them, 
and in applying the facts of geometry in a definite and systematic manner 
to practical problems that arise in our work. 

Angles p 

Two straight lines that meet at a point 
form an angle. See FIGURE 11. The 
idea of what an angle is,"being a simple 
one, is hanj to define. One should guard 

against thinking of the point where the g 
twtf lines meet as the angle. This point 
is called the VERTEX of the anelc; , ^IGURE 11 

' 13 




The two lines are called the SIDES of the angle. The ditlercjicc' in the 
direction of the two lines forming the angle is the magnitude, or size* 
of the angle. An angle is read by naming the letter at the vertex or by 
naming the letters at the vertex and at the ends of the sides. When read 
in the latter way, the letter at the vertex must always come between the 
two others. 

Thus, the angle in FIGURE i 1 is read 
i; the angle b," " the angle ABC;" or the 
angle at 

The symbol / is used for the word angle. 
In this way, we write/ ABC for angle 
ABC and /.A for angle A. 
If one straight line meets another so as to 
iofiii equal angles, the angles are RIGHT 
ANGLES. 

In FIGURE 12; the angles ADC and BBC 
are each right angles. 
If a right angle is divided into 90 equal 
parts, each part is called a DEGREE. 
It is usually written I 6 : 

3. APPLIED GEOMETRIC FORMULAS FOR AREA AND VOLUME 

The importance of a geometrical form in the study of practical mathe- 
matics is determined, to a great extent, by the frequency of its occur- 
rence in application: In agricultural work, the circle is more frequently 
seen than other forms. Wires- tanks, pipes, silos, pillars, etc., involve 
the circle. There arc also several other geometric shapes that are im- 
portant. After careful analysis, the following shapes and formulas have 
been identified as useful to PCV's involved in agricultural work. In these 
formulas: 

Area of a Rectangle 

Find the area of a rectangle 
6 feet X 3 feet. 

A - LX W 

A - 6 ft. X 3 ft. - 18 sq. ft. 



FIGURE 13 
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C 



A 
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FIGURE 12 
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Area of a Parallelogram 



Find the area of a parallelogram 
H • -- 2 ft. and L - 5 ft. 



A - H X W 

A = 2 ft. X 5 fr. 



10 sq. ft; 




Area of a Circle 



Find the area of a circle 
with a 3 ft. radius. 
A -rrR' 1 

A = 3.1416 X 3' X 3' 



= 28.2744 sc. ft. 



Surface of a Sphere 

Find the square feet Of surface area on a 
sphere 4 ft. in diameter; 
S - 4 77R 2 



ttD 2 - 12.57 R 2 
2 -- R 



D 4 

— R — 

2 2 

S 12.57 X 2 ft. X 2 ft. = 50.28 sq. ft. 



FIGURE 14 




FIGURE 15 




FIGURE 16 
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Volume of a Sphere 



Find the volume in gallons of a 
spherical water container. 
Inside diameter is 14 inches. 

4 1 ... 

V = — 77 R 3 = — 77 D 3 = 4. 189R 3 

J 6 
D 14 

R - — ■-■ — - 7 
2 2 

V • 4.189 X 7 X 7 X 7 = 1436.8 cu. ins. 
1 gallon - 231 cu. ins. 

1436.8 



V Gallons in 



231 



= 6.22 gallons 



Curved Surface of a Right Cone 



Find the curved surface of a right cone 
8 ft. in diameter and 3 ft. high. 
S = tt RVR 2 + H 2 

D 8' 

R ... _ « _ « 4' 
2 2 

S = tt RVR* -f- H 2 

S - 3.1416 X 4' X V(4> X 4') + (3 ; X3') 

S 3.1416 X 4' X V25 sq.ft. 

S =- 3.1416 X 4' X 5' = 62.832 sq. ft. 

Curved Surface of Right 

Find the square feet of tin needed to make 
a pipe 4 inches in diameter and 3 feet long. 
Allow 2 inches for lap. 

CSRC = 2ttRH 



4 in. - — ft. 
12 



1 D 1' 1' 

3 ' 2 3'" 6 

r 

S = 2 X 3.1416 X — X 3' = 3.1416 sq. ft. 

6 



Lap = 2" X 3 ft. 



— X 3' = — A* = .5 ft. 
6 2 

9 




FIGURE 17 




FIGURE 18 




FIGURE 19 
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Curved Surface of Right Cylinder (cont.) 
S -| Lap - 3.1416 + .5 3.6415 ft. a or 
3.6415 



3 ft. X 1-21 ft.. 



1. 21 or 



3 ft. 



3 ft. X 1 ft. 2.52 ins., 21 ft. X 12" = 2.52" 



Surface of a Closed Right Cylinder 



R 

S 

S 
S 
S 



Find the amount of square feet of 
surface of a can. 2 ft; high and 
2 ft. in diameter. 

SCRC - 2ttRH -f 2ttR 2 

D 2 

2 2 
2 X 3.1416 X 1' X 2' !- 

12.5664 ft. 2 h 6-2832 ft. 2 
18.1496 ft 2 
18 8496 sq. ft. 



2 X Tf X ! ' X i 




FIGURE 20 



Volume Of a Right Cylinder 



the gallons (U.S.) in a tank 5 ft. 
in diameter and filled to a height of 
10 feet. 

V ■-- 7T R 2 H 

D 5' 
R - — - — 
2 2 

V - 77 R 2 H 

(5') 2 

3.1416 X X 10' 



V 
V 



3.1416 X 6.25 ft. 2 X 10 ft. = 196.559 ft. 3 



1 cubic foot = 7.481 gallons 

gallons 

196.559 ft. 3 X 7.481 = 1468.9 gallons 

ft. 3 




FIGURE 21 
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Area of a 



Find the area of a trapezoid 

I i . 

A X H 

2 

5 ft. across the bottom 
7 ft. across the top. 
2 ft. in height. 

r -i- 5' 

A - — 

2 




X 2' 



12 square feet 

Area of a Triangle 



Find the area of a triangle with a 
base of 4 ft; and height of 3 ft. 



1 



A 



A 



B X H 



1 12 

— X 4' X 3' ■= -= = 6 sq. ft. 



Volume of a Cube 



Find the volume Of a cube 

3 ft. on each side. 

V L. X L X L. 

V 3' X 3' X 3' - 27 ft: 3 



FIGURE 22 




Volume of a Rectangular Prism 



Find the volume of a rectangular prism 
with a Width of 3 ft., height of 3 ft., and 
length of 6 ft. 

V = 3' X 3' X 6' = 54 ft. 3 



FIGURE 23 




FIGURE 24 





6' 




H 3' 

i i 


— w -— 

— 3'-— 
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FIGURE 25 
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Circumference of a Circle 



Find the circumference of a circle 
with a 3 ft. radius; 

C ■-■ ttD or 2 ~R 

C 2 X 3.1416 X 3' = R.8496 ft. 




FIGURE 26 



Volume of a Pyramid 

Find the volume of a pyramid with a base Of 
5 ft. by 5 ft. and 6 ft. height or altitude. 

1 

V -= — area of base X altitude. 

3 

Area = 5' X 5' - 25 ft. 2 

5' X 5' 

V = X 6' = 50 ft. 3 




FIGURE 27 
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4. WEIGH TS AND MEASURES 



Agricultural workers the world over use the weights arid measures iii 
common use; Those who use the common system are also familiar with 
the metric system. Often* it is necessary to change a measurement From 
the common system to an equivalent in the metric system or vice versa. 

The metric is the fundamental standard of length for both the metric and 

common system. 

[ Meter = 39.37 inches 

The meter is the only legal relation between the metric and common system. 
It is used by the Office of Standards of Weights and Measures in the U. S. 
in deriving the inch, Foot, yard, etc., from the meter. Determined in this 
way the customary units are legal. Thus, the common system is based on 
the metric system. 

A comparison of an inch and a centimeter, which is one hundredth of a 
meter, is shown in FIGURE 29. 




FIGURE 29 

Measure of Surface e " 

There is no fundamental standard of surfaces or areas as there is' of the 
measures of length, But as the measures of areas are based upon the 
units 'of length, and as these are standards, the measures of areas may 
be so considered. 

Measures of Volume, Cubic and Capacity Measures 

The fundamental standards of volume are (1) the cubes of the linear units 
based on the International Meterj _(2) the liter, which is the volume of 
the mass of one kilogram of pure water at its greatest density; (3) the 
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gallon, which is 23! cubic inches; (4) the bushel, which is 215Ch42 cubic 
inches. The liter is almost exactly 1 cubic decimeter, arid the inch is 
derived from the meter according to the relation i meter = 39.37 inches. 

Measures of Mass 

The fundamental standard of Mass (weight) in the United States and much 
of the world, is the international Kilogram, a cylinder of 90 per cent plati- 
num and 10 per cent iridium, preserved at the Internationa! Bureau of 
Weights and Measures, near Paris: 

By act of Congress of .iuly 28, 1868, the pound is derived from the kilogram: 
The relation established at that time was 1 kilogram 2.2046 pounds avoir- 
dupois. This relation has since been made more nearly accurate and is 1 
kilogram 15,432.35639 grains, which would change the first relation to 
1 kilogram ~ 2:20462234 pounds avoirdupois, or 1 pound avoirdupois ^ 
453.5924277 grams. This value is the one used by the National Bureau 
of Standards in Washington. It is thus seen that the avoirdupois pounds, 
ounces, etc., in common use are derived from the kilogram;, and so are 
fixed and definite derived units. The established relation between the troy 

5760 

pound and the avoirdupois pound is 1 troy pound -= avoirdupois pound. 

7000 

When made, the standard kilogram was supposed to be the exact mass of 
I cubic decimeter of 1 liter of pure water at the temperature of its greatest 
density. It has been found that this is not exactly true, but the difference 
is very slight, the kilogram being about 27 parts in 1,000,000 too heavy. 
This difference is so small that it could hardly affect any ordinary problem. 

Terms Used 

In the common system, of weights and measures, there are about 150 v- 
differerit terms and 50 different numbers, ranging all the way from 2 to 
1728, which bear ho relation to one another. In the metric system, we 
have only 10 different terms and t>ut "a single base, arid that is the number 
10. 

In the metric system, the fundamental unit is the METER, the unit of 
length: From this; the unit of capacity, the LITER; the unit of weight, 
the GRAM;- arid the unit of area in measuring land, the ARE: are derived. 
All other units' are the decimal subdivisions or multiples of these. These 
four units are simply related. For all practical purposes 1 cubic deci- 
meter equals 1 liter, 1 liter of water weights 1 kilogram, and 1 are is 
an area 10 meters on a side. 

The metric tables are formed by combining the words meter, liter, gram, 
and are with the six numerical prefixes. These are given with their mean- 
ings and abbreviations in the. following table. 
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Meter (rri) 


- Unit of length 


rriilli (rri) 


0.001 


Liter (1) 


- Unit of volume* 


centi (c) 


0.01 




capacity, 


deci (d) 


0:1 


gram (g) 


- Unit of weight 


deka (d) - 


10. 


are (a) 


- Unit of area for 


hecto (h) 


100. 




land 


kilo (k) 


1000. 



Simplicity of the Metric System 

The metric system was invented for simplicity. Many look upon the system 
as difficult because they consider the difficulties of changing from the com- 
mon to the metric system, or from the metric to the common, as difficult- 
ies of the metric system. All such difficulties would disappear if the 
metric system were in universal use: Practically, where the two systems 
are in use, one or the other is used almost entirely, and one seldom needs 
to change from brie system to the other! The simpleness of the metric 
system lies in two facts: (1) it is decimal, and therefore fits our decimal 
notation; (2) its units for lengths, surfaces, solids, and weights are all 
dependent on one unit, the meter. Ability to handle the metric system 
easily depends, in great part, on understanding thoroughly the terms used. 
It is of first importance then to learn weH these terms arid their meanings. 
For instance, the word decimeter should mean, at once, one-tenth of a 
meter. Because of the decimal relations between the different terms used,, 
the changing from one unit to another is a very simple matter. In reducing 
to higher denominators, simply divide by 10, 100, 1000, etc., by moving 
the decimal point to the left. Thus, to change 3768 cm. to meters, divide 
by 100 by removing the decimal point two places to the left and have: 

3768 cm. = 37.68 

in iu similar manner 72,468 g. - 72,468 kg., and 8643 1- = 86-43 hi. It 
should be noticed that it is never written as 4 km, 7 hm, 3 dkm 5 m., but 
as 4735 m. The former way of writing it would be similar to writing 
S 7.265 in the form 7 dollars 2 dimes 6 cents 5 mills. In reducing to lower 
denominations, the multiplication is performed by moving the decimal 
point to the right. 

Thus, 25 m. = 250 dm. = 25,000 mm., and 16 kg. = 16,000 g. 
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Changing from Metric to Common or Vise Versa 

The changing from one system to another is simply a matter of multi- 
plication or division. 

(1) Thus, to express 17 m. in inches: 

1 m. = 39.37 in. 

17 m. = 39.37 in. X 17 = 669.29 in. 

(2) Also, to express 2468 lbs. 'in kilograms. 

2.2 lbs. (approx.) = 1 leg. 

2468 lbs. - 2468 -4-2 2 = 1121 .8 kg. 
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UNIT 8 — PROBLEMS RELATED TO WaTER AND IRRIGATION 



DETERMINING WATER PRESSURE 



Discussion: 



When water is stored in a tank, it ex- 
erts pressure against the walls of the 
tank, whether the walls are horizontal, 
vertical, or oblique; The Force is ex- 
erted perpendicular to the wall in all 
eases. The pressure on a given area 
is equal to the weight of a column of 
water of that area in cross section and 
of height equal to the distance that the 
given area lies below the surface of the 
water. This distance is spoken of as 
the HEAD. Thus, the pressure on a 
square ineh of the wall at a depth of 
10 feet is equal to the weight of a col- 
umn of water 1 sq. in: in cross sect- 
ion and 10 feet high. 

If 1 eu. ft. of water weighs 62.5 lbs., 
then a column 1 f high and 1 sq. inch 
in cross* section weighs 0.434 lbs. Why? 
Sec FIGURE 30. Hence, the following 
rule may be used for finding the pres- 
sure per square inch at, any depth. 

i- - 

RULE: Multiply the head of the water 
in feet by 0.434. The result is the 
pressure "in pounds per square inch. 



£71 



i ft. 



L 



i sq in 



FIGURE 30 



What is the pressure per square inch on the circular bottom of a tank 
if the head of water is 45 feet? What is the total pressure on the bot- 
tom of the tank if the area of the bottom is 3.1416 sq. ft.? 



Proce dure : 



1. Determine the pressure per sq. 

45 v 0.434 19.53 lbs. per sq. in. 
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2. Determine the total numbers 6F ibs: per sq; ft; pressure oh the tank 
bottom; 

(144 sq. in. I sq. ft.) 

19; 53 X 144 2811:32 ibs. per sq; ft. 

3; Calculate the total pressure oh the tank bottom; 
2811.32 X 3.1416 = 8824; i lbs. — Answer 
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CALCULATING WATER PRESSURE AND HEAD 

Discussion : 

if water is piped dmvh a Uiil Irbrii a sufficient height; its !orce am He made 
to run tile sprinklers. To accomplish this requires the water-source to 
be higher than the field to be irrigated. This method of irrigation usually ' 
requires a greater amount of pipe over longer distances. 



'To caiculate the actual cost and Feasibility of this method requires know- 
ledge of: 

1. The height of the hill. 

2. The force (PSI) required to operate the sprinkler heads. 

3. Amount of pipe required. 

i^rubicm : ' 

At what -height on a hill with a 30° or 57 .735% slope must water be con- 
fined in a pipe to give 65 PSI pressure at the sprinkler heads? How many 
feet of pipe will be required? 

Procedure : 

J. Layout information as illus- 
1 trated in FIGURE 31: 

2. Determine the height necessary 
to give 65 PSI. A water table 
indicates that 1 PSI is equal 
to 2.31 feet of height. Thus: 



65 PSI X 2.31 feet - 150.15 
a 150. 15 feet 

- ? 

i 
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SPRINKLER HEAD SIZE FDR WATER INFILTRATION RATE 



Discussion : 

The sprinkler system is a relatively new method of irrigation. A good 
sprinkler system can usually put mor$ land into production than surface „ 
irrigation methods; The cost of a sprinkler system may cost less 
than land leveling. 

The cost of power to operate a sprinkler systenv^requently discourages 
its use. As the cost of labor, water arid land go up or the desire for 
more uniform distribution of water is increased, the sprinkler system 
becomes more economically feasible. 

One of the main factors that will have to be initially determined if a 
sprinkler system is to be used is the application rate of water compared 
to the intake ability of the soil. 

" The application rate should riot be faster than the infiltration rate of the 
soil. The average final intake rate in inches per hour on soil is listed 
in FIGURE 32. 



SOIL TYPE INTAKE RATE IN 

INCHES PER HOUR 



Clay less than 0 . 1 

Clay loam 0.2 

Silt loam*. 0.5 

Silt i.o 

Sandy loam 2.0 

Sand 3.0 



FIGURE 32 
Average Final Intake Rates for Different Soils 



A sprinkler system has eight gallons per minute heads; Can this sprink 
ler be used on silt loam soil if set to cover a 40' x 60' ? 
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Procedure: 

i. Determine the total amount of water in gallons per hour that the 
sprinklers disperse. 

8 gallons/minute :< 60 minute/hour 480 gallons/hour: 
2: Determine the total amount of land in acres to be irrigated. 
40 ft. 60 ft. .000023 .0552 acres. 

3. Determine the amount of gallons/acre/hour. 

480 . . ._ ; 

—~~ 8,695 gallons per acre per hour: 
.0552 

4. fables in the back of the book indicate that: 

I acre inch of water - 27,156 gallons. Using this figure, determine 
the number of inches per hour of water applied. 

8,695 

- 0.32 inches per hour. 

27 ? i56 

* 5. Compare the 0.32 inches per hour sprinkler output with the information 
in FIGURE 32. 

if this rate were applied on a clay soil with average intake rate of 0. 1 
inches, water would run off, erode the field, and increase costs of 
pumping and draining: Thus the answer to the question is NO . 
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CALCULATING FLOW OF WATER OYER WEIRS 



Discussion: 

The term weir is used Id describe a notched opening made iii tile upper 
edge of a vertical wall or board, through which water is allowed to flow 
lor the purpose of measurement. Weirs should be constructed in stand- 
ard simple geometrical shapes. The notch should be sharp-edged, and 
no more than 1/8 inch thick, so that the stream touches only a line. The 
opening types, easiest to construct, are the triangular, rectangular, and 
trapezoidal. 

The Triangular. V-notch, weir has the advantage of being the simples: 
to construct. The 90° angle is the most commonly used angle for the 
V-notch weir. To construct, cut a 90° V-notch in a plate. The plate 
as shown in FIGURE 33 is placed in a ditch in a vertical position across 
the stream. The crest or head " H " of water is measured from the bot- 
tom of the V-notch to water surface at a point upstream from the weir 
where the surface draw-down curve does not affect the measurement. A 
calibrated stake driven into the pool at a distance upstream at least six 
times the maximum head on the weir, will give an accurate method of 
checking the crest or head 44 H *\ Properly constructed, the V-notch weir 
requires a greater head loss than other types of weirs. It is better adapted 
to measuring flow not exceeding 4 cubic feet per second. 




FIGURE 33 



The rectangular contracted weir shown in FIGURE 34 takes its name 
from the location and shape of the opening through which the water flows. 



it was one of the earliest types used. 
AH other types of weirs have deve- 
loped fro ili the rectangular weir. It 
is still one of the most popular weirs; 

The water must fall free with no re- 
strictions from the downstream side 
of the weir. The upstream side of 
the weir, should be wide and deep 
enough, so the water will approach 
the weir free from eddies, at a velo- 
city of less than .5 feet per second. 

Flow over rectangular contracted weirs as measured in cubic feet per 
second can be obtained by finding the head and reading across the flow 
chart in the back of this book to the column under the crest or the width 
of the weir. 

Problem : 

Row many cubic feet of water per second are flowing over a rectangular 
contracted weir if the head is 4 3/16 inches and the crest of the weir is 
I 1/12 feet? 

Procedure: 

1. Turn to the flow charts dealing with rectangular weirs at the back 
of tkis book. 

2: Find the number 4 3/16 inches under " Head in Inches. ° 

3. Trace line of figures to the right until the column labled 1 .5 feet is 
reached: Answer: 999 is the Flow in cubic feet per second . 

Problem : 

If the head wt H " on a V-notch weir is 8 1/4 inches, what is the flow in 
feet per second and gallons per minute? 

Procedure-: 

1. Turn to the F low Charts dealing with V-notch weirs at the back of 
this book: 

2. Under the Flow over 99° V-notch weir, And 8 1/4 inches. 

3: Under the title, H ead in inches approximately, read to the right the 
answers: .991 under How cubic feet per second and 445 under Flow 
in gallons per minute. 
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CALCULATING HIE FLOW OF WATER USING THE FLOAT METftBD 



f discussion: 

The float method gives an approximate measure of ilie rale at which sireaui 
water is [lowing. It is used where a quick estimate i.l'ilv How is desired ami 
when a high accuracy is not requited. 

Select a straight section of the stream or ditch with fairly uniform cross- 
sections. The length of the section (about 50 to 100 feet) will depend on 
the rate of the current. Make several .measurements of depth and width 
within the trial section to arrive at the average cross section area. 
Stretch a string or tape across each end of the section at right angles 10 
t lie direction of ilow as illustrated in FIGURE 35: Place a small object 
wliich will float in the stream, a few feet up-stream from the upper-end 
of the trial section. Record the time the float takes to pass from the upper 
to the lower section. Make several trials to get the average time of travel. 

To calculate the velocity in units of feet per second, divide the length of 
the section (in feet) by the time (in seconds) required for the float to 
travel that distance: 

D (in feet) 

V — — 

T (in seconds) 

Since the velocity of the float on the surface of the water is greater than 
the average velocity of the stream, it is necessary to correct the measure- 
ment by multiplying by a coefficient — usually .80. To obtain rate of flow- 
multiply this average velocity (measured velocity X coefficient) by the 
average cross sectional area. 




FIGURE 35 
24 
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Problem : 

A trapezoid shaped stream is found to have an average depth of 8 inches, 
the stream average .surface width is 28 inches. The average bottom 
width of the stream is 20 inches, the average time for a Moating object 
to travel !00 feet is 32 seconds: What is the flow in cubic feet per second? 

Procedure: 

1 ; Determine the velocity of the float. 

distance 

V ... — • 

time 

100 feet 

V . — 

32 

V 3. 125 fee ./second 



2: Determine the area of the trapezoid. 

28 20 

A -- 12 12 8 
— X — 
2 12 

2 

A -- 2 feet X — feet. 

3 

A =• 1 1/3 square feet. 



3. Determine the quantity of flow. 

q = velocity X cross sectional area X .80. 

Q = 3.125 X 1.333 X .80. 

Q = 3 1/3 r.nh\c. feer /second. —Answer. 
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MEASURING IRRIGATION WATER 

Discussion: 

Irrigation of crops is nearly as bid as agriculture itself: For maximum 
growing efficiency plants need a continuous supply of moisture. Very 
few parts of the world have rainfall so ideally distributed that application 
of irrigation water could not be used to an advantage at some period of 
crop production. 

There are a number of methods for measuring irrigation water being 
applied to a section of land. The simplest method that will give the 
degree of accuracy needed is usually the best. For small streams the rate 
of flow of the water can be determined by collecting the flow in a 
container of known volume a#d dividing by the time required to (til it. 
For example: 

A stream fills a 5 gallon container in 30 seconds. 

5 gallons 60 seconds 

— — X — — 10 gallons/minute. 

30 seconds minute 

Thus the amount of water that can be applied from the stream to the 
land is 10 gallons every minute. 

On a large scale the filling or emptying of a lake or tank in a given time 
period can be used to determine the rate of flow. 

Problem: 

A lake with a surface area of 96 acres is being lowered 2 inches every 
24 hours because water is being used for irrigation of a nearby valley. 
Assuming the flow into the lake is equal to seepage and evaporation 
loss, what is the rate of discharge in gallons in one hour? 

Procedure : 

L Determine the amount of acre feet the lake will discharge in 24 hours. 

o 2 in. of drop 

96 X = X 

12 ins. per ft. 

1 

96 X — ^ 16 acre/feet of discharge/24 hour. 
6 
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2: The list of equivalents for computing volume to flow units indicates 
that one acre foot of water is equal to 325,851 gallons, thus, the 
total gallons expended are: 

.125,851 X 16 5,113,616 gallons. 

3; Determine the rate of discharge each hour. 

5,113,616 24 hrs. = 213,067 1/3 gallons/hr. —Answer. 
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CALCULATING MAXIMUM RATES OF RUNOFF 



For the protection of roads, irrigation systems. Buildings and fields, 
the maximum rate of r liftoff should be known and allowed for in the 
design of channels, ditches, pipes or structures used for drainage. 

When flooding is not permissible, the maximum instantaneous peak 
rate of water runoff should be determined. Most drainage structures 
can be flooded for a short time. !t may be more economical to design 
these structures on a basis of safely handling floods up ib a 5, 10, 
25 or 50 year recurrence expectancy. This means you would be plan- 
ning a runoff or drain structure large enough that it would probably be 
flooded only one time in fifty years. (If fifty year expectancy is used.) 
It must be remembered, the " once in fifty years may happen the 
same year the structure is built. 

In calculating runoff on small water-sheds, this formula has wide usage: 

Q CIA 

Flood peak, (CFS) cubic feet per second. 
Runoff coefficient. 

Maximum rain intensity, inches per hour. 
Drainage area in acres. 

For a drainage area in a diversified farming area, the values of C is 
often used as 0.50. Some of the figures for C under varying conditions 
are as follows: 

on 5 to 10% slope: 

Cultivated land C is 0.60. 
Pasture land C is 0.36. 
Timber land C is 0.18. 

As the slope increases to 10 to 30%, the values for C increases to: 

9.72 for cultivated land. 
0.42 for pasture land. 
0.21 for timber land. 

Values for C are generally increased to 0.90 for the 100-year storm 



Q --■ 

C == 

i = 

A - 



28 



When the value of C is used as .50 X 2.5A = 1.25A 
E xample : 

Find the (Q) cubic feet per second peak run-off of 600 acres if 1/2 of the 
rainfall runs off the land and 2 1/2 inches of rain falls in one hour. 

Q .50 X 2.5 X 600 - : 1:25 X 600 = 750 cubic feet per second.— Answer. 
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cost ©f Lifting water from a well 



Discussion: 

Water for irrigation Usually comes from bodies of water on the land sur- 
face like streams and ponds or it is pumped up from Underground sources 
such as wells. In the latter case, there are additional expenses for electri- 
city and the pump. 

To determine the cost of irrigation from a well, will require me of the 
following formulas and basic mathematics. 

Work •- force X displacement 

W - F X D 

number of foot/IBs. per minute 

Horsepower — — — — ~ 

time in minutes 

Problem : 

What will be the cost of irrigating 1 one acre of land in India from a well 
15 feet deep? The pump discharges 4 feet above the ground. The pipe 
and pump loss of energy is equal to 1 foot of head: Electricity in India 
costs 50 Paise per kilowatt hours (KWH). Three inches of water are 
required to irrigate each acre. Disregard the cost of the pump.^ 

Procedure: 

1 . Determine the total effective head. | 
15 ft. + 4 ft. -f- 1 ft. = 20 ft. effective head. 

2. Determine the number of square feet in one acre by consulting the 
appropriate table of equivalence. 

1 acre — 43,560 sq. ft. 

3. Substitute values in the formula for Work (W). 
W 35 F X D. 

W = 20 ft. X 1/4 ft. X 43,560 sq. ft. 

W - 5 ft. X 43,560 sq. ft: = 217,800 cu. ft. 

4 The weight of water is 62.5 lbs. per cubic ft. Multiplying this by 
the number of square feet will equal the total amount of foot/pounds 
involved. 

62.5 X 217,800.= 13,612,500 ft./lbs. of work. 
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5: Horsepower equals the rate at which work if? done; 

I HP 53,000 ft. lbs. per minute: 1 IIP . 7457 KWH. The 
formula for HP is: 

j't. lbs. of work 

H p ===== 

33.(100 X 60 itiiii. • 

6. .Substitute values in the formula and solve for HP. 

5 X 43560 X 62.5 

HP : — — 

33.000 X 60 min. 

HP 6.87 
1. Solve for horse power hour when : 

j HP hour is equal to .7457 KWH. 

6.87 X .7457 5.12 KWH. 
8. Calculate the total cost of the power consumed. 

50 Pai'see X 5.12 KWH , 256. Paisees or 2.56 Rupees— Answer. 
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UNIT C — PROBLEMS RELATED TO GONSTRUGT10N 
BUILDING FOUNDATION LAYOUT WITHOUT A SURVEYING INSTRUM 

The foundation for a four sided building may be laid but on reasonably f.at 
land without the Use of a surveying instrument. Foundations laid out in 
this manner can be used for houses, animal loafing sheds, utility buildings; 
dairy barns, etc. 

A fifty or one hundred Foot steel tape in good condition will be needed in 
addition to wood for batten boards and string. The layout method to be 
used as illustrated ill FIGURE 36 is' based on the geometric m!e thai: the 
hypotenuse of a right triangle is equal to the sum of the two sides: 




FIGURE 36 



Problem : 

To lay out a building foundation which will be 15 feet by 25 feet without 
the use of a surveying instrument. 



1. Set four temporary stakes to mark, the approximate outline of the 
building, as shown in FIGURE 37. 




FIGURE 37. 

32 . 
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2. Set up batten boards 2 to 4 feet from the stakes as illustrated in 
FIGURE 37. 

X Measure the correct distance desired for side A, B and adjust the 
stakes accordingly. In this ease, the distance between A, B will 
be 25 feet. 

4. Extend builders line directly over stakes A, B and tie at E, F. 

5. Mark the builders line at B. A pin^ small nail or an ink mark through 
the line will be satisfactory. 




FIGURE 38 



6. Tie weights on the builder line and extend over points G, H as 
shown in FIGURE 38; ; 

7. Measure 6 feet from point B and mark ai point J; 

8. Measure 8 feet from point B and mark at point I. 

9. From point I, extend the tape measure, to point J. Move the string 
to point H so the 10 foot mark on the tape measure meets point J. 
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10. Steps 5 to 9 may have to be repeated to make minor adjustments. 
When completed, side A, B and B, C should- be at a 9B 5 angle to 
each other. 

11. Measure the correct distance from B and fix corner stake C. In 
this problem, side B, C is 15 feet Jong. Thus A, B and B, C are 
located. 

12. From A, measure the length of side A, D. From point G, measure 
the length of side C, D. Where the two lines intersect at point D, 
fix the corner stake. 

13. Accuracy of wo;rk may be checked by cross measuring. The dis- 
tance from A to C should equal distance from B to D. 
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ESTIMATING THE COST OF STONEWORK 



Discussion: 



Stonework in which the stones are broken with a hummer only is culled 
rubblcwork. If the stories are laid in courses, it is called coursed rub- 
ble: When the stones showing in the outside face of a wall are squared, 
the work is designated as ashlar; If all the stones of a course are of the 
same height, the work is called coursed ashlar. When the stones are of 
different heights, it is called broken ashlar. Ashlar work is both hammer- 
dressed and chisel-dressed. Any stonework in which any Other tool than a 
hammer is used for dressing is balled cutWdrk. 

In estimating the cost of stonework, the custom varies greatly. Usually, 
cut-work is measured by the number of square feet in the face of the wal 
Rubblcwork is almost universally measured by the perch, but the perch 
used varies greatly. The legal perch of 24 3/4 cU. ft. is seldom used by 
stonemasons. The perch of 12 1/2 cu. ft. is the one most used. That 
of 25 or of 22 cu. ft. is sometimes used. Openings, as a rule are not 
deducted if containing less than 70 sq. ft. 



Determine the cost of laying 
a hammer-dressed ashlar 
wall, 45 ft. long, 6 ft. high 
and 2 ft. thick, at 8 4.75 per 
perch, using the 22 cu. ft. 




FIGURE 39 



Procedure: 

1: Calculate the total number of cubic feet in the wall. 

L X W X H = cu. footage. 
45 X 2 X 6 - 540 cu. ft. 

2. Determine number of perches in the wall. 
540 
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== 24.05 perches. 



At a cost of 4.75 per perch, calculate the cost of the 
24.05 X 4.75 = $ 114.23 
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CONCRETE MIXES AND CALCULATION OF CUBIC YARDAGE 



It is often necessary to repair broken concrete, build a wall, of apply a 
concrete surface. These activities require some knowledge of making 
concrete. Concrete is a mixture of cement, sand and gravel- The 
cement is the bonding agent which hardens and holds everything together: 

A good mixture for slab blocks or sidewalk repair is 1: 2: 3. This means 
one part cement, two parts sand, and three parts gravei. Concrete walls 
which support slopes, roofs, and stone or rock 3oors will require a mix- 
ture of 1 : 2 (one part cement and two parts sand.) 

The aggregate size used, will depend cri f he type of work to be done. 
Generally aggregates should not be larger than 1/4 thickness of the con- 
crete slab or wall being constructed; 

In concrete subject to severe wear, weathering or wsak acid or alkali 
solutions, 5 gallons of water per sack of cement should be used. For 
concrete that is to be water t»ghi: or subject to moderate water and 
weather, use 6 gallons of water per sack of cement. For foundations, 
walls, footing and massive concrete construction, 7 gallons of Water for 
each sack of cement is suggested. It is assumed that the sand and aggre- 
gate are dry. 

A cubic yard is the measure used for concrete. Thus the amount of con- 
crete required for a given job will be computed on the basis of the total 
number of cubic yards in the job. 

Problem : 

A foundation is to be poured for a building. The outside dimensions are 
to be 20 feet X 50 feet. The foundation is to be 6 inches thick, extending 
18 inches above a 30 inch wide and 6 inch thick footing. As an aid against 
rat infestation, the footing is to be extended 18 inches beyond the outside 
of the foundation. 

How many cubic yards of concrete will be required? What is the maxi- 
mum aggregate size that should be used? 

Procedure : 



1. Draw a cross section die ^.m of the foundation as illustrated in 
FIGURE 40. 
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FIGURE 40 

2. Determine the aggregate size. 

tie thickest cross section is 6 inches. 
1/4 X 5 - i 1/2 inches. 

(Aggregate should hot exceed this size). 

3. Determine the number of cubic feet in the footing section. 



(23' 



39" 6" 3 ,. - 

Yy 48' r 48') X X - = 142 ft. X - it:- 

12 12 4 



4: Determine the number of cubic feet in the foundation section. 

6" 18" 
12 12 



177.5 cii. ft. 



(20' + 20' + 49' =F 491 X - X — = 138 ft. X 3 ft.* « 103.5 cu. ft. 



5. Total the two sections and compute for the total numoer oi enoic 
yards of concrete required. 



281 



177.5 + 1B3 



5 = 281 cubic feet; — - 10. 4 cubic yard?.— A nswer; 
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CALCULATING STRENGTH FOR WOODEN BEAMS 



Disc ussion: 



There are three classes of beams, illustrated. They are CONTINUOUS, 
SIMPLE and CANTILEVER. 



The SIMPLE BEAM (FIGURE 4t) 
is supported at each end by a 
bearing wall. 



J 

1 






1 

4. 

'4 

! 







FIGURE 41 



The CONTINUOUS beam 
(FIGURE 42) is supported 
in its center. This type 
of beam is always supported 

at one or more places along 

its length. 



FIGURE 42 



The CANTILEVER beam 
in FIGURE 43 is rigidly 
supported at one end. 




FIGURE 43 



The strongest beam shown per foot of length is the continuous type: For 
each of these beams the formulas in FIGURE 44 are used when determining 
its correct dimensions. 
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TYPE OF SPAN 



CONTINUOUS 



SIMPLE 



CONCENTRATED TOAD 
AT CENTER OF SPAN 



Wb 



BM = - WL 
4 



UNIFORMLY 
DISTRIBUTED 
LOADS 

I . 

BM — WL 
12 

I 

BM • • WL 

8 



CANTILEVER 



BM - WL 



FIGURE 44 



BM -- - WL 
2 



BM - Bending Moment of Span. 

W - Load in Pounds. 

L - Length, of Span in Inches. 

Wood is of such variable quality that a safety factor of 6. is usually used. 
The average safe fiber stress (SFS) for most wood in use is 1200. Some 
of the SFS for different woods are: 



Cedar 
Hickory 
Douglas fir 
Oak 

Redwood 



1000 
2533 
1200 
1100 
1600 



These figures are for clear material. Woods with knots and defects would 
have a lower figure. 



BM 



SM - Section Modulus. 



SFS 



1 



The section modulus of a rectangular beam is SM ==- bd 2 . 

6 

Where b - breadth of beam in inches, 
d - depth of beam in inches. 



BM 



SFS 



bd 
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A house is built of cut granite stone. One room is left open with an 1 1 
foot width opening. The space above the opening is enclosed in a cut 
stone wall 16 inches in thickness and 5 feet high. If the beam fcr this 
opening is made out of seven inch material, what is the depth thickness 
required? 




1. Determine the weight of the load oh the beam. 



16" lbs. 

W = — X 11' X 5' X 172 of granite. 

12" ft- 2 

W = 12,607.6 lbs. = approximately 12,600 lbs. 

2. Referring to FIGURE 44, select the formula for a simple beam with 
uniformly distributed load and solve for BM. 

1 

BM - - WL 
8 



BM = - X 12,600 lb. X 11 ft. X 12 inch/foot. 
8 

BM = 207,900 inch-pound. 
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3. Use 1200 for the safe fiber stress in bending for wood material. 

Dividing the bending moment (BM1 by the safe fiber stress (SFS) 

for the material gives a figure from which the size and shape of 

beam can be determined. This term is called the section modulus 

(SM).- This relationship is expressed by the formula BM 

—• SM. 

SFS 

The formula for the section modulus of a rectangular beam is 
1 

SM = - bd 2 . 
6 



Where b — breadth of the beam in inches 
d = depth of the beam in inches. 

BM 1 

Substituting in = - bd 2 . 

SFS 6 

207,900 1 

= 173.25 = - bd a . 

1200 6 

1 

Using b as 7, 173.25 = - X 7d 2 . 



6 

d 2 - 173.25 X - = 148.50. 
7 



d - \/148.50 

d = 12.18 inches. 

The dimensions of the beam are 7 inches width a nd 12 . 18 depth. 
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MEASURING LUMBER AND SLATE 



Lumber and slate are measured in board measure; Timber used in 
framework is counted as lumber. Timber, lumber, and slate are sold 
by the 1000-foot board measure. This may be written as 1000 feet. (EM) 
But frequently, it is indicated by the single letter M. 

One board foot (FIGURE 46) is 12 inches square and I inch thick and 
contains one-twelfth of a cubic foot; 



IE N&T H IN FEET 




FIGURE 46 



The number of board feet in dimension lumber is the number of cubic 
feet multiplied by 12. The following rule may be used to find the number 
of board feet in any dimension of lumber or slate. 

RULE:, Take the product of the end dimensions in inches, divide by 12 
and multiply the quotient by the length in feet. 

FOR EXAMPLE: The number of board feet in a beam 8 by 12 inches 
and 10 feet long would be: 



8 X 12 X 10 ; 
12 



80 feet B.M. 



Problem: 

A man builds a tight plank fence with 2 inch thick planks, around his 
livestock feeding area. It is 150 feet by 36 feet. The fence is 6 feet 
high and nailed at the top and bottom to pieces of 4 by 6 inch lumber. 
Assuming there is no waste* find the number of board feet of lumber used.: 
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re: 

Compute the perimeter of the fence. 
150 I 36 + 150 •)- 36 « 372 feet. 
Find the total length of all the 4" by 6" timber used. 
2 each for each foot of length. 372 feet X 2 - 744 feet. 
Find the total length of the 2" X 12" planking used. 
372 X 6 - 2232 feet. 

Find the number of board feet in 2232 feet of 2" by 12" plank. 

2 x 12 , 

X 2232 = 4464 board feet: : 

12 

Find the number of board feet for 744 feet of 4" X 6" lumber. 
4X6 

X 744 - 1488 board feet. 

12 

The total number of board feet is the sum of answers in 4 and 5 
4464 + 1488 =- 5952 BOARD FEET. 
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MEASURING RAFTERS USING A STEEL SQUARE 

Discussion : 

One of the most useful instruments known to man is the ordinary steel 
square or carpenter's square shown in FIGURE 47. It is made in vari- 
ous sizes; the most common size is that with the longer arm, called 
the body, blade or stock 24 inches in length and 2 inches in width. The 
shorter arm, called the tongue, is 16 or 18 inches in length and i 1/2 
inches in width. 

The principles involved in using the 
steel square are mainly those involved 
in the solution of the -right triangle and 
' of similar triangles. .One who under- 
stands the right triangle can devise many 
uses for the steel square arid can readily 
see the principles underlying the various 
uses of this instrument given in the dis- 
cussion. FIGURE 

Updr. the ordinary steel square are found many figures, telling lengths 
of braces, board measures, etc; No attempt will be made here to 
explain these. 

The steel square can be used to measure the rise of a rafter or to mark 
off where a rafter should be cut. 

Problem : 

Using a carpenter's square, determine how long the rafter, illustrated 
in FIGURE 48, should be. It has a run of 8 Feet and a rise of 7 feet. 



B 




FIGURE 48 
44 
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Procedure : 



I. Determine the length of the 
arid ii ratio of I * ! 




FIGURE 49 



rafter by using the carpenter's steel square 

Measure the line drawn from the 
8-ih; mark oh the blade to the 7-in. 
mark on the tongue. This measures 
about 10 5/8 in., (FIGURE 49) which 
is near enough for most practical 
purposes. (By the right-triangle 
method, the hypotenuse = 

^/8" = V = 10.63 inches.) 

This method can also readily be ap- 
plied to find the lengths of braces 
supporting two pieces that are perpen- 
dicular to each other, to find rafter 
lengths, lengths of the parts of a 
trestle, etc. 



2. The length of the rafter should be 10' 7 1/2" long. 



To cut the level or slant at the 
end of the rafter (necessary to 
make it fit the part it rests 
against), can easily be marked. 
Place the square as shown in 
FIGURE 50 and mark along 
bottom edge. In placing the 
square on the board, it is nec- 
essary to only take the dis- 
tances on the blade and tongue 
in the same ratio as the ratio 
of the run to the rise. To cut 
the top level, follow the same 
procedure used to eut the 
^bottom. 




MARK Q CUT 



FIGURE 50 
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CALCULATING FOR ROLL PLATE AND CORRUGATED ROOFS 
Discussion: > 

In the construction of buildings, sheds, barns, etc., corrugated sheets 
v^,or roll plate are frequently used. Usually, these materials are made 

of galvanized iron or aluminium. FIGURE 51 illustrated that this sheet- 
ing is Usually purchased in widths of 2' 6" and may, vary in length from 
6 to 10 feet. 




FIGURE 51 

When coWugated sheets afe laid for roofing, the edges are overlapped. 
This overlapping* called side-lag? is usually at least one and one-half 
corrugations which is approximately 4"~. The top 

sheet is laid with the side -edge turning down-ward as shown in FIGURE 52. 
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^ FIGURE 52 
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In addition to side lap, the ends must overlap as well. The flatter the 
roof, the greater the end lap must be. Since two pieces of metal are 
overlapping at a given pdmt, that point wilt require additional roof 
framing. A good rule to follow for end-laps is ilfetrated in FIGURE 53, 




FIGURE 53 



Problem: 



12* rise per ft. , use 6'' end 
6* rise per ft. , use 9" end lap ^_ 
r rise per ift. , use 12" end lap 



A building is to have a pitched roof with a six inch rise per foot. One 
side of the roof will have a total surface area' of 20' X 40', How many 
sheets of corrugated metal will be required and what dimensions should 
they be? 



Calculate sheeting for vertical distance. \ 

!. 2 ten foot sheets will hot cover from ridge to eave and allow 6" 
for end lap. 

_ / .</ 

2. Thus three sections with two end laps are required. ^ 

20' + 6" + 6" = 21 feet. 



- _ _ _ — _ _ _ _ a 

Judge which combination of sheets will provide 21 feet of vertical 
distance. A good combination would be 9 ft. + 6 ft. + 6 ft. . 

Each vertical row would require one Sf ft. and two 6 ft. lengths of 
sheeting. 



Calculate sheeting for horizontal distance 
5. Allowing 4" for side lap, each 2' 6" 



covers 2' 2" 
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6. The horizontal distance for one side of the roof is 40 feet; 
49 -:- 2' 2" - 18.5 or 19 vertical rows to cover one side. 



Eaeh vertical row requires one 9 foot and two' 6 foot lengths of sheeting. 
38 rows (both sides of roof) X i - 9 'ft. = 38-^- 9 foot lengths required. 
38 rows (both sides of roof) X 2 - 6 ft. = 7 5 - 6 fr 
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UNIT D— PROBLEMS RELATED TO LAND 
LEVELING AND CROP PRODUCTION 



DETERMINING THE SLOPE OF A FIELD 

Discussion: 

Due to land contour, one side of a field may be a different height. The 
simplest example of a sloping fiefaM* would be one on the side of a hill. 
Knowing the procedure for calculating slope is important when confronted 
with problems in land drainage, irrigation or land classification. 

Slope is expressed in percentage and is calculated by multiplying the 
vertical distance in feet by one hundred and dividing by the horizontal 
distance in feet. The formula for slope is: 

H X 100 

-s = 

D 

H height in vertical feet 
S slope 
D distance 

Problem: 

A field to be irrigated has a head di'eh 1320 feet long on its high side. 
The difference in elevation of the two ends is 2.64 feet. What is the 
per cent of slope? 

Procedure: 

1. Determine the known values. 

S = slope 
H - 2.64 
D = 1320 

2. Substitute the values in the Formula and solve for S. 

H X 100 

S - 

D 

2.64 ft. X 100 

S = 

1320 

S = 0.2% slo pe — Answer 

This means the land falls at a rate of two-tenths of a foot for each one 
hundred feet of horizontal distance or .2 X 12 in. = 2.4 inches per 100 
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COMPUTATION OF SEED CLEANING COSTS 



Discussion: 

Farmers clean field-run seed as an important step toward improved 
crop production. This cleaning removes dirt, stones, weed seeds, 
chaff, etc. It can be done either mechanically or by hand, using a 
sieve-like device. 

Problem: 

A farmer purchases 2,000 lbs. of field-run wheat seed at S2.5C per one 
hundred weight. He hires a person to clean the wheat at a rate of S 2.00 
per hour. The job takes 3 hours to complete. After cleaning, it is 
found that 400 lbs. of foreign materials had been removed from the seed 
purchased. What is the final cost per one hundred weight of the planting 
seed after consideration of the costs involved? 

Procedure: 

1 . Determine the cost of the seed. 

2,000 lbs. seed purchased. 

100 lbs. = 1 hundred weight. 

8 2.50 cost per hundred weight of seed. 

2,000 -:- 100 = 20 hundred weights purchased. 
20 X S 2.50 = S 50.00 total cost of seed. 

2. Determine the cost of labor involved. 

3 hours labor . 

S 2.00 per labor hour cost 

3 X S 2.00 = S 6.00 total cost for labor. 

3. Determine how mac seed was left after cleaning. 

2,000 lbs. - 400 lbs. = 1600 total seed remaining after cleaning. 

4. Determine the cost of the cleaned seed. 

$ 56.00 -r 1600 lbs. = $3.50 cost per hundred weight of wheat seed 

that can be used. — Answer. 
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VOLUME OF A PILE OF GRAIN 



Discussion : 



Grain, dirt arid other materials are often piled on the ground. These 
piles are usually in the shape of a cone. To determine how much 
volume a pile consists cf will require use of some elementary algebra. 
Once the volume of the cone is known arid expressed in a particular unit, 
its weight can also be determined by using Volume/Weight tables. 

The formula for Volume of a cone is: 

V - r 2 h 

V =- Volume 
7T - 3.1416 
r radius 

h -■■ height 



Determine the volume and hulled weight of the pile of unhuiled rice, 
illustrated in FIGURE 51, when the per cent of recovery is 7C%of the 
gross weight. 



Problem : 




FIGURE 54 



Procedure: 



L Determine the value for h expressed in feet. 



h = 



30" = 2.5 feet. 



2. Determine the value for r 2 expressed in feet. 



86 




r = 43" or 



r 2 - 43" X 43" = 1849 sq. in. 
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3. Substitute the known values in the formula and solve for V; 

77 

V = -- r 2 h 

3 

3.1416 43 43 

V X — X — X 2.5 

3 12 12 



1849 

V 1 .047 X X 2.5 

144 

V ,- 1 .047 X 1285 X 2.5 

V = 33 .6 cubic feet/volume of unhulled rice. 

4. The weight of the rice is 36.2 lbs. per cubic foot. 

Determine the weight of the rice in the pile. 

36.2 lbs./cu. ft. X 33.6 cu. ft. = 1216.3 lbs. total wt of 

unhulled rice. 

5. Determine the per cent of recovered rice. 

1216.3 X .70 = 851.4 lbs. of bulled rice.— Answer. 
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ESTIMATING YIELDS 



Discussion: 

People engaged in agriculture often need to estimate the yield per acre 
for a given crop; These estimates aid in computing storage needs, 
labor required for harvest, differences in test plot production and pro- 
bable income from a crop. A close approximation of potential yield 
can be found by harvesting a small fraction of an acre. The harvested 
material is weighed and the resulting pounds per square foot are converted 
to pounds per acre. There are several methods used to estimate yields. 
For this reason two problems have been included. 

Problem: 

Estimate the yield per acre for hybrid corn planted in rows 38 inches 
apart. (Assume that the row being sampled has 19 inches on each side.) 

Procedure: 

1. Randomly select two rows and pick corn for 25 feet. 
(Assume 51 . 10 pounds of corn are collected.) 

2. Determine the number of square feet the sample occupies. 

38 

2 X 25' X — - 158.3 square feet. 
12 

3. Compute what part of an acre the sample represents. 

158.3 sq. ft. 

— - .00364 acres. 

43560 sq. ft. /acre 

4. Calculate the yield per acre. 

51.1 lbs. 

Yield — 

.00364 acres 

Yield ----- 14,000 lbs. /acre 

Problem: 

A circle 2:355 feet or 2 feet 4 1/4 inches in diameter is used to check 
small areas of wheat yields. The circumference is 7.398 feet or 
7 feet 4 3/4 inches. The area of the circle is 4.3560 square feet or 
1/10,000 of ah acre: Assuming that 12 ounces of wheat is harvested in 
this circle, what is the estimated yield per acre. 
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Procedure: 

1. Twelve ottnees (12) is the yield for 1/10,000 of an acre. Calculate 
the total yield for bite acr e . 

12 ounces .. __ 

— — — .-= 0.75 pounds iii 1/10,000 of an acre. 

16 ounces/ pound 

Yield = 10,000 X 0.75 = 7500 lbs./acre. 

2. Sixty pounds of wheat equal one bushel. Calculate the total number 
bushels for one acre. 

7500 IBs/acre 

Bushels per acre = — — — -- 125 bushels/acre.— Answer , 

60 lbs/bushel 
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DETERMINING THE PERCENT OF ELEMENTS IN FERTILIZERS 



Fertilizer is composed of various elements. Each of the elements in 
a given unit provide the fertilizer with certain characteristics to do a 
specific job. The percentage of any element in a fertilizer can be cal- 
culated if the chemical formula and purity are known. Knowing this 
will explain what the given fertilizer is composed of and what it is sup- 
posed to accomplish. 



Problem : 



Determine the elements in ammonia sulfate fertilizer with a purity of 99%. 



Procedure: 



1. Obtain the chemical formula; in this ease, it is (NH 4 ) : SO 4 

2. Analyze the formula to determine what each unit of ammonium 
sulfate contains. 

2 units; of N (nitrogen) 
8 units of H (hydrogen) 
1 unit of S (sulfur) 
4 units of O (oxygen) 



3. Referring to FIGURE 55 determine the atomic weight for each 
element. Set up a table as follows, listing all elements in the 
compound, the number of units of each and their atomic weights. 



ELEMENT 



No. OF 
UNITS 



ATOMIC 
WEIGHTS 



TOTAL 
OF EACH 



Nitrogen 
Hydrogen 
Sulfur 
Oxygen 



2 
8 
1 
4 



X 
X 
X 
X 



14.008 
1.008 
32.066 
16.000 

TOTAL 



28.016 
8.064 
32:066 
64.000 



132.146 



Thus, in every 132.146 pounds of chemically pure ammonium sulfate, 
there are 28.016 pounds of elemental nitrogen, 8.064 pounds of ele- 
mental hydrogen, 32.066 pounds of elemental sulfur and 64.000 pounds 
of elemental oxygen. 
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ELEMENT SYMBOL ATOMIC 

WEIGHT 



Aluminum 


Al 


26; 


89 


Boron 


B 


10 


.82 


Calcium 


Ca 


40 


;08 


Carbon * 


C : 


12 


.001 


Chlorine 


CI 


35. 


.457 


Cobalt * 


Co 


58. 


.94 


Copper 


Cu 


63. 


.54 


Fittorihe 


F 


19 


.00. 


Hydrogen 


H 


1 . 


,008 


Iodine 


L 


126. 


.91 


Iron 


Fc 


55. 


.85 


Magnesium 


Mg ; 


24. 


.32 


Molybdenum 


Mb 


95. 


.95 


Niekel 


Ni 


58. 


.71 


Nitrogen 


N 


14. 


,008 


Oxygen 


0 


16. 


000 


Phosphorus 


P 


30 


.975 


Potassium 


K 


39 


.100 


Sodium 


Na 


22. 


.991 


Sulfur 


S 


32 


.066 


Zinc 


Zn 


65 


.38 



FIGURE 55 

ATOMIC WEIGHTS AND SYMBOLS 
OF CHEMICAL ELEMENTS USED IN FERTILIZER 

4: Determining the percentage of each element in the fertilizers is 

solved by dividing the total of each element by the total weight of 
the ammonium sulfate as determined in Procedure 3. 

28.016 

= 21 201% 

132:146 

8:064 

_____ = 6.102% 
132:146 

32.066 

= 24.266% 

132.146 

64.000 

_ 48.431% 

132.146 



TOTAL 100.000% 



Nitrogen: 



Hydrogen : 



Sulfur : 



Oxygen : 
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The values of N, H, S, and 0 are for 190% purity. Moisture, 
dust or any impurity may lower the 100% purity. As is the case 
with the problem which has a 99% purity. To determine this lower 
purity, multiply the element percentage*by the purity percentage. 

N = 21.201 X .99 = 20.989% 

H = 6.102 X .99 - 6.040% 

S = 24.266 X .99 = 24.021% 

O = 48.431 X .99 = 47.946% 

r 

98.996 - 99% 



j 
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COMPUTING ACRES IN A FIELD 



Discuss ion : 

Agricultural workers are often confronted with determining the number 
of acres in a field. This could be necessary in determining" the total 
yield figure of a crop in acres or in allocating the amount of acres in 
a field tc -plant in specific crops. 

There are several ways to determine the acreage in a field. All of the 
techniques require the length and width of the field in feet to be known 



How many acres in a field 1320 feet long and 1980 feet wid,c? 



Procedure : 

I. Test the known values: 

L — length in feet (1320) 

W ■■■ width in feet (1980) 

A • acre (1 acre — 43560 square feet) 



2. Substitute values in the formula and solve for A. 

1 

A - • L X W X 

43560 

1320 X 1980 

A • : 

43560 

2613600 X 1 

A = 

43560 

A • 60 acres 
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CALCULATING ACRES PER MILE FOR A GIVEN WIl 



Discussion: 

Tractor speeds are usually calibrated in miles per hour. When ih< 
speed of the tractor and the total distance travelled is known, it is 
relatively easy to determine the number of acres covered for a spe 
iui width of land. Knowledge of the number of acres per mile fo 
specific width of land can be used for several 1 things. Titty incluu 

h Calculating the amount of waste land, a ditch may occupy in 

2. Help establish the amount of " overlap " a tractor should have 
field for maximum efficiency. 

The formulas for calculating the acres per mile for a '/wen «/idth * 
Acres Lergth in feet X width in feet 
43560 

5280 feet 

Acres per mile X width in fee . 

43560 feet 2 

.121212 X width in feet 

.121212 

== X width in inches 

12 

= ;010101 X width in inches. 

Problem : 

Two tractors are travelling 4 rmles per hour. One driver has zn 
- lap of 6 inches- The other driver laps IS inches each time aero? 
field. Not considering turning or stops what is the difi or cricc in \ 
done by the two tractors in a 10 hour day? 

Procedure: 

1 . Determine the total mileage driven. 
4 MPH X 10 hours — 40 miles. 

2. Determine the difference in overlap between the two cr^uvs. 
18 inches - 6 inches = 12 inches. 

59 
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3. Calculate the amount of acres covered in forty rriiles for a width 
of 12 inches. 

L' X W 

A 

101010! 

A — 4.844 acres difference. — Answer. 
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CALCULATING WEIGHT LOSS IN. DRIED GRAIN 



Discussion : 

Fruits, vegetables and grain contain varying degrees of mois- 
ture. One technique of preserving these crops for storage is to remove 
some of this moisture. In developing countries, it is important that a 
farmer realizes that removal of this moisture is also a removal of weight 
and sometimes volume. 

Problem: 

2000 pounds of 25% moisture grain is dried to 15% moisture. What is 
the new weight of grain and moisture when dried to i5% moisture? 

Procedure -: 

1. Determine the total weight of moisture in the ^rain. 

2000 X .25 - 500 lbs. of moisture. 

If the grain were dried to remove all of the incisure, ft would weigh 
1500 lbs. . „ 

2. The 2000 lbs. of grain is equal to weight or stated differently: 

15C0 lbs. plus the weight of the moisture is equal to 100% weight. 

1500 

100% = X 100 

85 ' • 

100% = 1764.7 lbs. weight of grain containing 15% moisture. 

3. Determine the amount of moisture weight still present in the grain. 
1764.7 lbs. - 1500 lbs. - 264.7 lbs. moisture.— Answer. 
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UNIT E— PROBLEMS REL aTED TO AGRlC-UhTURAL MACHINERY 
iU ... d\ r,=AR AND SPROCKET SPEEDS 



Discussion: 



The relation of' stic and speec! ?f driving and driven gear wheels is the 
same as those ! : beit piih.-ys. * Hi uaiculi tin" for gears; the diameter 
of the pitch cii-eL: or me number of tee ill may He used as recessarv. 

A worker mechanic should he able to determine quickly and accurate:;; _ 
the speed of anv di-af 1 ' bi rhachii.e and to find the size of a gear or pahey 
so that the shaft or machine may run at the desired speed. r-~ rhctiid 
piaster the principles rtiics i-.ml formulas used as well as know how to 
employ therm 

iri any study of biiMevs or gears the db; meter and the. revohuans per 
minu'e of both die brivmr; mower, mail and the driven (too!/ shaft are 
of fundamental importance. Frequency the RPM's on agriculture machi- 
nery is expressed in the number of pounds of a product like fertilizer, 
is being applied per minute. Power may. be conveyed from the power 
shaft to the too! diafii by bells, by gears; or by chains. 



it should be understood that the revolution per minute of the tool; or me 
amount of materia! being aopiiech may be changed either by chaiugmg 
■ revolutions nor mm,te of the driving shaft (as speeding up die engine 
in a car) or b\ e'einging die ratio of the diameters of the pulleys on ; • 
power shaft and me mo! shaft, (as shifting gears in a car): 

Problem: 

A chain driven ...ckshatl drives a feed shaft on a fertilizer applicator: 
Sprockets B. < and D'as shown in FIGURE 56 can be changed to adjust 
tlie rate, of application of .id '"tili/cr. 

Sprocket A. a sis toe tn sprocket, is attched to the drive wheel. Sprocket 
B is an eighteen tooth sprocket and can be exchanged for a nine tootn 
sprocket on the driven end of the shaft. (Sprockets available tor cnanemg 
C on the drive end of the jack shaft) and D on the feed snail, arc as iollov 

Two 8 tooth: one each, 5; 6, 7,' 10 and 11 tooth. 
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. figure 56 

The applicator is set up with a six tooth sprocket on A. an eight ten 
tooth on B, an eleven ib ; oh C, and a five tooth on D. The rate being 
applied, 330 lbs., is 43 lb--, too high. What changes in the drive should 
be made? The present setting for rate of distribution is 339 lbs. It 
should be 330 — 43 287 ibs. The b >sic formula for this problem is: 

A C 

Revolution of drive wheel X --• X — = Revolution of Feed Shalt. 

B D 

Procedure: 

1. Determine what percent the speed' should be reduced: 
43 

— ... - z l--»,8 

330 

2. One revolution of the drive wheel sprocket A, will pass six teeth. 

6 1 

the nick-shaft will rotate — • - - revolution. 

18 3 

If the eighteen tooth sprocket is replaced with a nine tooth, the 
6 2 

shaft will rotate - revolution: This would double the output oi 

9 3 

the spreader: 

3. Sprocket C, oh the driven end Of the jacks haft, which has rotated 
1 , 11 

- revolution v:ii pass — teeth or 3:66 teeth. 
3 ; 3 70 

63 



4. The new speed should be 13% less. 



100 — 13 - 87% .733 X 87 - .£38 revolution, the desired rate. 

AC 6 11 AC, 

_ X — - — X — » .733 — X — ■ = . 638 

B D 18 5 B D 2 

5. UsiiK the closest sprocket ratio available, changing D frOrri 5 to i> 

6 11 11 
teeth eives — X — — — = .612 
18 6 18 

.638 — .612 - .026 revolution lower than desired: 

26 

- 4:1% low. 

638 

6 10 2 

6. Changing C from 1 1 to IB gives — X — — - = . .666 

18 5 5 



.6$6 — .638 . .028 revolution too high = 4.4% High. 

638 



Note: 

These two choices are only one tooth apart. Therefore, they are the 
smallest change possible. Both are closer than the 15% error of the 
present setting. 
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CALCULATING THE AMOUNT OF FIELD WORK A TRACTOR CAN DO 
Discussion : 

There may be occasions when it will be necessary to estimate how much 
field work a tractor can do in a given period of time. Sueh occasions 
could Be while estimating the amour 5f tractor time desired, finishing 
a job or in checking the ef.ic'>iicy of tractor work already completed. 

Two values must be . co calculate tractor work. They are: the 
speed the tractor will . iii a given time and the width 
to be covered. The . • ..'la to .calculate tractor work is: 

528U 

A -■ W X MPH X X T 

43560 

A =- acres/mile 5280 feet = 1 mile 

W - - width 4" ' '0 square feet • 1 acre 

MPH miic; hour T - tiitic 

Problem : 

A ten foot disc is pulled by a tractor at 4 miles/hour for ten hours. 
Allowing 17:5% of the f ime *cr losses due to stops, corners, laps and 
service to the tractor or <Jscs, how nany acres of land were worked? 
What was the rate of work in acres per hour? 

Procedure: 

1. Determine the total amount of acreage Jiat could be worked in 10 hours. 

5280 

A : W X MPH X X T 

43560 

5280 

A - 10 X ^ X X 10 

43560 

5280 

A 400 X — — 
43560 

A 400 X : 121212 
A - 48.4848 or 48.48 acres. 
2 Determine the actual amount of acreage worked. 

100.00',, — 17.5",; 82.5% efficiency 

48.48 X 82.5% 39.999 total acres worked. — Answer; 

3. Determine acres per hour rate. 
39.999 

3.99 ac res per h our. — Answer. 

10 
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CALIBRATING SEED DRILLS 



BiscusviaiL: 



The primary crnocrh in seeding a crop is distributing the euireci number 
of seeds or piarus per square foot. There are several methods and tech- 
niques iiun can be used; One such method is id compare the amount o 
seed collected bit a simulated seeding with the figure calculated to be 
needed. This is a good method and is used in many par; s of the ■/or!;:. 
When this method is used there are conditions which can affect the m:-:-- 
rale and cause uhdesiraoie errors: Usually, these errors are hoi n1vw\: 
than tin percent. 

AnOi her Varkuicn of this method of calibrating seeding ecuipn-dil is u> ; : 
lect the m-ueriai distributed by the machine over a kiiowri di bailee and t 
compare i: ^'hr. i; 



5 S! em 



a live Tool wide • .. df.ii :: c nvjred \n ' " men c^cmn^rehrf- dr : ve 
heel. Siuy pounu \ seed per acre should > :: -plied, is ihe se^d dri 
orooeriv calibrated to ; :mt^ the required rate o: eeding? 



Pieced Lire: 



L Determine rhe number of turns the seed drill ^iii have to make u> 
cover an acre. 

4356> sq. ft. : i acre. 
43560 



8712 feet of travel required to cover 



i acre. 



2. Calculate the number of feet the drive wheel will have to travel to 
deliver SO lbs. of seed for 1/100 of an acre. 

' ! \ 

of 871 5 87.12 ft. 

100 

3. Calculate the amount of seed which rVuld be delivered through she 
drill in 1/100 of an acre if it is calibrated: for 60 pounds per acre. 

j 

of 60 lbs. .6 lbs. 

.6X16 ounces 9.5 ounces of seed per 87.12 ft. 

4. peienniiic the miriibcr of turns the drive wheel will turn to cover 
1/100 of ah acre. 

66 
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Ill actual practice, at this point, the seed drill drive wheel would be 
turned over 12 times: The seeds would be collected, weighed and 
compared with the desired amount. lit this problem, it Has already 
Been established that 9;6 ounces of seed are being applied every 
I ! .88 turns of the drive wheel. Thus, the answer to the problem is: 
Yes, the seed drill is properly calibrated. 

9.6 ozs. 95C 60 lbs 

• x fob - — = 

11.80 turns 1180 I acre 
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CALCULATING BELT DRIVE RATIOS 

Discussion: 

Many agricultural implements are belt driven. To find the number of 
revolutions of a driven pulley in a given time, multiply the diameter of 
the driving pulley by its number of revolutions in the given time and 
divide by the diameter of the driven pulley. 

Probl em : 

A new grain drill is not seeding enough grain per acre. Its present rate 
is 10 to 40 lbs. per acre, it should be seeding 30 to 120 lbs. per acre 
or approximately three times its present rate. 

The belt drive mechanism and pulleys are illustrated in FIGURE 57 




FIGURE 57 

The drive pulley on the drill is 18 inches in diameter: The drive si- 
has a 9 inch pulley. One revolution of the drive pulley will pass U 
belt in one revolution. 

Procedure : 

1. Determine what new speed relationship is required to seed 30-12 
lbs. of seed per acre; 

7T X 18 X 1 -, : 7T 9 X R - 
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2. Determine the revolutions for R 2 of the 9" pulley. 

7718 

R J — 

R- 2 revolutions or a 1:2 ratio. 

3. The new speed must be three times the 1:2 ratio. 

4. One of the pulleys has to be increased by 3 times its present size. 
Since the large pulley is now 18", a 54 inch pulley would be required 
if it were to be changed. This would be too large for the drill. 

5. Either the 18 inch pulley has to be increased three times to get the 
proper ratio or the smaller pulley has to be decreased by one-third. 
Since a fifty-four men pulley (3 x 18") would be too large for the drill, 
a smaller pulley as shown in FIGURE 58 should be Used. 




FIGURE 58 



Note: 

Care must be taken to keep the belt pulleys large enough to have enough 
drive surface. 
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DETERMINING HORSEPOWER MOTOR RATING 



Discussion : 

The term horsepower was first used by James Watt, the inventor of the 
steam engine. He ascertained that a London draft horse was capable of 
doing work, for a short time, equivalent to lifting 33,000 lbs., i ft. high 
in 1 "minute. This value was used by Watt in expressing the power of his 
engines and has since been universally adopted in mechanics. 

The expression foot/pounds is used to denote a unit of work. It is equiva- 
lent to a force of 1 pound, acting through a distance of 1 foot, or a force 
of 1/2 pound acting through a distance of 2 feet or 1/10 pound through a 
distance of 10 feet, etc. Horsepower is the measure of the rate at which 
work is performed. One horsepower is equivalent to 33,000 foot/pounds 
per minute, or 550 foot/pounds per second. : 

Therefore, the horsepower of aw; machine can be found by dividing the 
number of foot/pounds of work done in ! minute by 33,000 or 

number of foot/pounds of work per minute 

HP - = — — 

33,000 

In electric motors, the formula would be: 
volts X amperes 

HP. :.' " 

746 

Problem [ 

What is the smallest size of electric motor that could: 

A. Raise a stone block, weighing 3 tons, to the top of a wall 
40 feet high in 2 minutes? 

B. Pump 10,000 barrels of water per hour Id a height of 5 feet? 



Proc edure : 



A. To raise the stone block. 

6000 X 40 

1 The number of foot/lbs. per min. is — — 

2 

2. Substituting values in formula and solve for HP. 

6000 X 40 7 
;jp HP 3 — Answer. 

2 X 33,000 1 1 

70 
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B. To Pump Water 



1. Tables indicate I bbl. 4:211 cu. 

1 cu. ft. of water weight is 62.5 lbs. 

2. Calculate tiie toiai number of cil. t"t. of v. at or per hour 

10.000 X 4.2! I 42.1 10 ft. ; hr 

3. Calculate the total v. eight of \vailr. 

42.1 10 X 62.5 2,f>3i.875 lbs. 

4. Substitute (lie values in the formula and solve for HP; 

2,631,875 X 45 



HP — 

60 ■ 33,000 



HI' 59.8 or a 60 HP motor. Answer 
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CALIBRATING A SPRAYER 

Discussion : 

Sprayers arc usually pulled by a tractor and have a sprint: loaded by- 
pass which maintains a constant pressure at 1 lie spray lips. The sprayer 
I requires calibration to ensure that the correct amount of liquid is dis- 
pensed over a specific distance" To gain accurate results, the tractor 
motor and ground speed must remain constant. Iri addition, the tractor 
must be operated in the same gear as used to set the sprayer's rate of 
application. 

Prior to actual pesticide application, many tractor operators find it a 
good practice to calibrate the sprayer using water. 

Problem ,: 

A farmer wishes to apply a pesiicide mix to his crop. The rate of appli- 
cation should be 25 gallons of mix per acre. He will use a tractor with 
a 20 inch spray trip. What procedures 'will he ha\e to follow to achieve 
this rate of application? 

Procedure: ^ 

1. Select a tractor speed suitable to conditions. ' ^ 

2. Calculate the number of wheel turns the tractor/applicator will 
revolve in 100 feet. 

' 3. Calculate the number of aces in the 100' X 20" test area. 

1 20 

I x W X acres 100 X — X .000023 .00383 acres 

43560 12 

4. Calculate how much pesticide will be used in the test area if 25 
gallons is to be applied per acre. ^ 

25 X .00383 .09575 gallons will be applied: 
.09575 gallons X 128 ounces per gallon ~— 12.26 ounces. 

5. Pull the sprayer and collect the amount dispensed from one tip for 
one hundred feet. Compare the amount collected with the amount 
needed. Make any necessary adjustments to regulate the rate of 
application. , 

6. After completing a field, it is wise to check the acres cove ed 
with the amount of pesticide dispensed. The formula is: 

total gallons used 

Rate per acre __ 

total acres covered 




M' example: 

303 uallons used 
Rate , \- 

12 acres covered 

Rate 25 1/4 gallons per acre: 

If 25 gallons per acre were the desired rate, the aetirl application would 
be one per cent High. 

25 X 12 300 
300 

Noli;: 

A rapid method for calculating the application rate in ounces from a 20 
inch spray tip per i 00 feet, is to divide the gallonage per acre 6y two 
and subtract 2%; 

25 

Fox -Example: At 25 gallons per iu — -,- 12.5 

: ' " 2 

1? ~ A (.02(12.5) .25 • -- 12.25 ounces per 100 feet. 

\ 

\ 

\ 
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UNIT F PROBLEMS RF ATED TO GENERAL 
ACiRiCTJl.tURr OR MATi ON 



\ .IFKMOIV 



\Ni) rRMPHRA rURHS 



Discussion : 



Two kinds of tiiermome ;rs Lire in cohinion use. J lie Fahrenheit, wliicli 
is used I 'or common purposes, lias the Iree/iiig point marked 32 degrees, 
and the boiling point nrirked 212 degiees. The Centigrade, which is used 
for scientific purposes, I s the freezing point marked 0 degrees arid 
i he boiling point market- 100 degrees: ' 

On the Fahrenheit scale, there are 180° (212° - 32 ) between the freezing 
point and the boiling point, whereas on the Centigrade scale, there are 
100 degrees in the same space. Hence 180 degrees of the Fahrenheit 
scale " 100 degrees of the Centigrade scale; These relations are shown 
in FIGURE 59. 



2 I 2 F 



The formulas tor - rting 
one sc. ic to tlv* i>* i" 



/ 



C 



, \V 32) 
9 



- C I 32 
5 



32° F 




Pre 



FIGURE 59 



A temperature of i 76 degrees " * too .U. , What temperatur is this 
on the Centigrade seale? 



Procedure : 



1. Select the formula for converting Fahrenheit to Centigrade. 



5 

C - (F 32) 
9 

74 



2. Sttb.sti ' :c values in iln- 'V aula and solve for C. 
5 

C •-- ~ IF; - 32) 
9 
5 

C • (176 - 32) 
9 

C • Answer: 
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t.x lcu Latin b> simple interest 



DiscnssioiK 

iiil crest \< moncv ihat is paid tor the i: : -e of money. II is usually reckoned 
a: a certain ncrreb.i nbc p : ~i" v.ar Hie bav. i Ml which llic interest is calcu- 
lated is calico '.be principal. In reckon ins; interest, lime has to be taken 
into account. "I lie mieivM on a. ? .n of money for 1 year at :t certain rate 

the principal maiib. the rate: lor 2 years, ;: is twice as iiuich; 

. :H i Ll ,v. oeri.,(i bi" o ; f is b inJeresi for ! > C";* imilbolied by the 
trine ;:: years. 

i; ■;■ Mmibs for Principal. 1 .or interest, R for perccra Ra:c and T for 
ii;.;e in Years, the interna is I'ounc b; ':-;ma. 

i p x ii x t fc _ 

limbic: h: 



\ farmer horrors s 750:fiO from a money lender lor 2 \eais ami seven 
n-.^uiiv TX. ; o<mev lender is chaining s \ interest !Xw much money 
the farmer ha\"e lo r'cpKV? 



n >cce 



MC Mi: 



years, (at M) dn\s to a month tor 12 months). 



2. Sibw itmc - ^ in formula 

31 

i s 75b X K'\, X — 

12 

3. Solve for 1 by cancellation. 

— M v ^ ? -v ; i 



! no X 12 
1 s i 55 .00 total interest to be 
4. Tii- b:rmer will repay - S 905.00 Answer. 
0* 750 principal plus s 155 interest). 
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f A BLES 

TABLE 1 Summa ry o f r : or; 'ijas 

1. A ab. ieUaiigic. puriiilciouruiii 

2. a A b. iecumgk\ purailelogr.uu 

3. H A 



a. iccuuigie, parallelogram 



4. A ab. LriiLIlgit 



a 
h 
A 



M. b 



2A : b. triangle 

2A a. triangle 
\ 's l>-a i vs-bj (s-c); where s 
': [a ; nj X h; trapezoid 



v'P ■ tr~ right triangle 
b- : .*ii?lit inan^ic 



I (a i b c). triarigic 



\ C" — a J ; right triangle 
fi\vj- h\ segment of circle 



14: w 

■ v r * 

16. U 

17. C 

18. 2r 



r — \ i" 



i-AvA see mem ot circle 



2\'h(2r — Ii), segment of circle 

77 U, circle 

C :■ circle 

2rri\ circle 

C circle. 



19. A 



Cr, circle 



20* A nr 2 ; circle 



21: A 



0.7854 d 2 , circle 



ERiC 



77 



S3 



~>1 



.V d A 



24. A i 

25. \ 



< 'A 77. circle 
T~"- circk 



4 



A a 
0 

36') 



rrl-; SCCiCM" 



•.r;.R- r-J ~fR i r) (R r). rinu 



26: A 



tire i . .•>; 



<CCtor 



29 



Aj - f -r 
3 ' V ST 



seti iti •«.-.. 



i . 608. scirieriL 



9 
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TABl.K 2— U seful Numbers 



i cr. fi. of water weighs 62.5 ibs (approx.j 
I gal: of waier weighs 8 1.3 lb. (upprox:); 
I atmosphere pressure 14:7 lb. per si;. n\ 
I atmosphere pressure 760 jiiiii. of hie^clir; 
A column of water 2.3 ft. high a. pressure 



1 000 o/. 

ii I P lb; ner sq. Ft: 
f i lb. per sq. in. 



1 gal: 

I cii. fi. 

; cii. fi. 

i bbi. - 

I btl: 

i bu. 

I pLMcii 



23 1_ cii : in; (by law of Congress); 

7 12 gal. (apprbx.J or, belt ji , 7.48 gal. 
4 5 bu. i apprbx.J. 

4 . 2 1 j. ca; ft. (sri:ai± barrel) 
2 150.42 cu. in (by law of Congress) : l;2444(v 
5/4 cu. ft. (apnrox.). 

24 3/4 cu. ft. bur usually taken 25 cu. ft. 



-Cit: ft; 



m. 
ft. 
hi. 
lb. 
lb; 



! H)I mm: 



(appro\:J 
30 4801 cm. 

30.37 in. [by law .if Congress), 
(avoirdupois) 7000 grains (.by Liw of Congress), 
(troy or i : ^thecarics? - 5760 grains: 
15.432 grains. 
2.2046."' lb. (avoirdupois). 
1.05668 qt. (-liquid) 0.90808 qt. (dry). 



gram 
kg. 
"ter 
tit: (liquid) 



946 358 cc. 
01 .228 cc. 



Pi _ 3 : j 4 I 592653^8979 : . 

! radian 57 I 7 ' 44 ; 8 " 
! O.OI745329 (radians 
Base of Napierian logarithms 
log !0 e 0.43429448 . : 
log c 10 2.30258509 . . 
I librsepow er. : secoiid 
1 horsepcr vT-jninuie 

v'T : -i I .4142136 

■ T 2.2360680 
S T = i : 25992 10 



- 0:946358 liter, or cu. dm. 
^ LIOI22; 2 -iicrs, or cu. Am. 
>55 

3. 1416 3 1/7 (all approx.) 

113 

57:29577950 : . 

e " 2,718281828 



550 ft. -lb. 
(33,000) ft-lb. 



v s_ 



/3 



1 .7320508 
2.44^/4897 
1.4422496 



79 

86 

o 

ERLC 



TABLE 3— WiiigKih 



A vo i 



ounce (oz.) 
potind (ib.). 
lb. 

lb: 

short ton 
short ton 
lung ton 
long ton 
long ton 
metric ton 
metric ton 
metric ton 
i'.elrir ton 
kilogram 
pou rid 
ma unci 
miiund 
0< ki ion rams 



(some' count 
100 lbs. J 



:ies , 



437.? grains 
16 oz. 
7000 grains 
453 . 5924 grams 
2000 !bs. 
907 2 kilograms 
2240 ins: 
\0\6 kilograms 
1 .01605 mc-rie v: 
2204 . - Shs;" 
0:98-21 I <ng ' w 
;000 kiidgran • 
3^ ' ,; >2 maup.ds 
2 : 20*^62 pounds 
0.45359 kilogram 
82.257 pound- 
^7.3242! kiloi • 
i qtiiritai 



Troy 



penny \\ eight 

oz. 

*. ) / . 

ib: 

lb. 



20 penny weight 
480 grains 
12 oz. 

5760 crams 



scruple 

dram 

oz. 

ib., 

i oral 



IS LUC Tid M iv-" vv 



20 grains 
3 scrupies 
8 drams 



cieht in all three systems of measurement. 
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TABI.E 4— Weights of Substanees 
'VoiLuct 



Apples 

jiiirley 
Brick Work 
Coal 

Cobblestone . 

Concrete 

Corn (ear) 

Corn (shelled) 

Cotton (bales) 

Cotton (seed meal) 

Cucumber 

Egg Plant 

Flint ftock 

Granite 

Grave! 
Gasoline 

Hay (loose) 

Hay (bales) 

Hay (chopped) 

Ice 

L imesionc (solid) 
! imestone (ground) 
Molasses 

Molasses (in barrels) 

Oil lubricating 

Potatoes 

Potatoes (svveet) 

Rice (rough) 

Rice 

Sand 

Sand Stone 
Snow (fresh fallen) 
Tobacco fin bales) 
Water (at 70T.) 
Wheat 
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Approximate Nat Weig ht 
In Pounds per Cubic Foot 

40 

40 
125 

50 
150 
150 

28 

47 

30 

40 

36 

26 
165 
172 

ioo 

42 
4 
12 
10 

•TO 

165 

82 

90 

48 

57 

48 

46 

36 

45 
110 



35 

62.3 



TABLE 5— List of Equivalents 

I mile per liblir 

I mile per hour 

I mile per hour 

I mile 

! loot per minute 

I U.S. gallon per mile 

j .h. per sq. in. 

i cu: ft: wai 

I cu. ft. wiL 

■ ; ;■>. T. i.i. 

i U.S. pal!': : *ater 

! h.p. (U.S.; 

! n.p. (metric) 

I h. p. oneiric) 

I !i:p; (U.S.) 

! h.n. (U.S.) Hour 



1 ;467 leer per second 
88 feet per minute 
0.447 motors per second 
2(> . K2 mk: :rs per mintitc 
(J mete in, per s/:c< u 

2.3521 liters per kin. 
0.0703 kg. pe. sq, cm. 
62 . 43 weic ;it in lbs: 
28:32 weigh*: in kg. 
0. 252 !:i!oc\ ioncs 
s . 2 wi . ;ii ibs. 
1 14 mcViC li.r . 
75 .2. iv. per : : .ceond 

551; 5 ■ !■::•> second 
0. 742" 2iio\% ktis~ ::: houi 



i inch 

! foot 

! yar-j 

1 mile 

I knot 

1 sq; in. 

I sq. ft. 

! sq. yd. 

i cu: in: 

1 cu. ft. 

1 cu. in. 

1 cu. in: 

I cu. ft 

1 cu. ft. 

1 cu. ft. 

I imp. l . a 

1 imp. gal; 

i U.S. guiio;: 

I U.S: gallon 

1 h.p. U.S. 

1 kilowatt hour 

1 acre foot of water lifted 1 foot 

1 acre foot of water: lifted 1 loot 

82 



2:L 4 miiiinicLcrs 

0.3048 hit-to; s 

0. 914-1 meters 

i . 6093 kilometers 

I J5! miles 

6: 45) ft sq. cm. 

0.0929 sq, m. 

0.S361 sq. m. 

i6:3^7 c 1. cm. 

0.0283 cu. m. 

0.0036 in, p. gallons 

0.00433 U.S. gaiibns 

6,229 snip, gallons 

7.48! U.S. gallons : 

28.32 liters 

1 :2001 U.S. gallons 

4.5460 liters 

3 _ 7 Si - . iift-M-s 

.832; imp. gallons 

33,000 foot-pounds per mih; 

I .34] horse-piiwcr hours 

I .372 ! e-pbvver hours of work. 

1.022 ki. -watt hours of work: 

S3 



TAB! B 6— List of Equivalents for Volum * ;. J"^ ''l!!!^ 
One Acre Inch 3,630 cubic feet. 



27,154 gallons. 

1/12 acre to of. 
pne Acre Foot 43,560 cubic feet ; 

" — 325,851 gallons. 

O no Acre Foo t 

of Water appro*. 2,722;500 pounds; 

Q ne A:re Foo t 

of Soi l approx. 4;000;00() pounds. 

pne Ciibic Foot F728 cubic inches. 

7.487 (approx. 7.5) gallons 

Weight (approx.) 62.4 pounds. 

(62.39 at 55° F.. 62.30 at 70° F, 62.00 at 100°Fj. 

One Gallon 231 cubic inches. 

" 0.1336 Jubic feet, weighs approx. 8.33 pounds. 

: Io\v Units 



Dii^cubic_il)aL__per second 448.83 (Approx. 450) l lions per minute 

~" 1 acre inch I hour ahti 1 seconds (Approx. 

I hour), or 0.992 (Appr . I) ace inch 
per hour. 

1 acre foot in i2 hours and 6 minutes (Approx: 
12 hours), or 1.984 (Approx. 2 acre feet per 
day (24 hours). 

One Gallon per Mini; l - 0.00223 (Approx. 1/450 cubic foot per second.) 

_ — — - - - | ticre j ne ^ — 450 6 (Approx. 450) hours or 

0 . 0022 1 acre inch per hour. 

1 acre feet in 2~j.3 days or 0.00442 acre foot 

per day. 

-J 1 inch depth of over 96.3 square feet in 1. hour 

Qne Million Gallons per 

Hay ~~ — ~ 1 ; 547 cubic feet per second. 

694.4 gallons per minute! 



83 

so 



TABLE 7-Fiuw Cher 



Contracted Weiis in .'."libit Feet per Second 



Head 
in ft. 
; " H " 



Head 
in inches 



\m 1.5 feet . 2.0 feet 3.0 feet 



Flow iji cubic feet per see- 



For each 



foot of crest 
in excess 
of 4 feet 
(approx.j 



X 

4- 



0.10 1 


I 3/1(5 


0.105 


.0.158 ! 


0.212 


0.319 ' 


0.427 ! 


0.108 


0 11 i 


i VI 6 


1 0 Pi 


0 \V i 


0 ^44 


0 367 ' 


(1 491 1 

y .7/1 


0 124 


0 P 1 


1 746 


0 P7 


0.207 


0 '77 


.0.41:-; 


0 559 1 


0 14i 


on 


1 9'lo 

J / ' 1 V/ 


• 0 '5^ 


IL253 


0 *P 


0 470 


0 


0 159 

V i t ml J 


ii 14 


! ii;i6 


: 0.172 


0.26D 


0.34k 


0,524 


0.701 


0.177 


0.15 


! 13/16 


(1. 191 


o.:w | 


0.3*5 


(; . 58 j 


0.776 1 


0.196 


D.16 


1 lv!6 


U.2H) 


0.3l(i 


0.423 


r ;, >(,' 
V.O.Y; 


0.N54 


0.216 


ii.17 


2 i-'lfi 


0 "wj 


!),3-!6 


0.413 


ii.6%: 




0.236 


O.IK 


■2 346 


0.24') 


li.376 


0,504 


0. 76;.) 


Lti. 1 : 


0.257 




2 i;4 


0.270 




346 


0:8 • ^ 


i.iti 


0.278 


0.2U 


2 3 1 


! ; 2^1 


0439 


1) 588 




hi? : 


0.303 


0.21 


' 1 


O!: 


0:472 


0.633 


0:554 


\:3 


0.326 


0.22 


2 5.8 


0,335 


():';;) 




14: 


1.37 : 


0.35 


0.23 


2 3 4 






0:733 


1 .0 ; ) 


1.46 , 


0.37 


0.24 


2 U 


WSJ 


11.574 


0:76') , 


LIS 


1 55 


0.39 


0:25 


3 


0:404 


0,609 


U\l : 


!.23 


1,65 % 


0.42 


0:26 


3 1 'li 


0.428 


()/:•() 




1.31 


1.75 


0.44 


0:27 


3 14 


11.452 


o, -o 




i.3X 


1.85 


0.47 


11.28 


1 1 :". 

J J V: 


0.477 


0,730 


i]. l .'65 




1.95 


0.49 


0.29 


3 12 


0.502 


0.758 


1.02 


i 53 • 


2.05 


0.52 
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TABLE 7 (PontinuciD -Flow over Rectangular-!^ -etc 



Led Wei,, v.. 



per Si 



Head 

in inches 



1 1 ■ 


iipprox; 


. 

0.30 




0.31 


1 3 '4 


ni32 


3 : ; 16 


0.33 


3 \h 


0.34 . 


4 i id 


0..O 


1 iii i'i 
4 .\'IU 


0.36 


4 .VI ci 


0.37 : 


4 / - 1 vi 


0.38 


4 9 16 


0.39 


4 ii.l6 


40 

■ i i 


4 M> 
4 15'ifi 


i 

0.-'. 


3 116 


0.43 


5 3:16 


. 0.44 


5 1/4 




5 3, S 


O.-r. 


5 1 ; 2 


0.47 


5 vH 


0;4R 




0:49 


5 18 



.0 fool 



0:527 
0.553 

0.581 
0.606 
U.534 



717 
745 
774 



0.804 
0.833 
0.863 



0.924 



,055 
,986 
■0? 

;05 
4)8 



1.5 feet : 2.0 . ! 3.0 feet 4.0 feci 



0.796 
0.836 
0.876 
0.916 
0.957 

0.999 
1.04 



cubic jl".-, 


per second 




1.6! 


; 1:12 


! 1.69 


j 1:18 


1 i 1.77 




1.86 




! 1.94 



.21 
.26 
.30 
.35 
.40 

.44 
.49 
.54 
.59 
1.64 



2.70 



3.32 



2.16 
2.26 
2.37 
2.48 
2.60 

5 71 



! ' 1.40 


2.!i 


2.82 


i 1.45 


2.20 


2.94 


1.5! 


2,28 


3.06 


| 1.57 


2:,37 


U8 


; 1.63 


2:46 


'3.50 


i 1.69 


2:55 


3.42 


1.75 


2:65 


"3.54 


: 1.81 


2:74 


3.6/ 


: j .83 • 


2.83 


3.80 


LP 


2 97 


3.93 


2.0b 


m 


4.05 


: 2.07 


.3.12 


4.18 


: "43 


3,22 


4 32 



4:45 



foot of crest 



in 

of 4 feet 



0.60 
0.62 

0.66 

0.69 
0.7i 
0.74 
0.78 
0.81 

0:84 
0:87 



0.97 

LOO 
1.02 
LOS 
U0 
1.13 



) 



IE 1 ((oiitiiUH'dl-r'inv mcr Rcctahctiiar i JWiiS in Cubic Feci r Second 



Head 

in feci 



Head 
in inches 



Oym Uiiiitli (I. I 



•cct 



'A I 



■ lo^. ii :i;!>:e ;ct1 per .S;W;| 



4.0 let! 



addition:-! 
!M . »! c r 

ill" 4 feel: 
I'approx.j 



0.50 

().>i 

0; 52 
ii. M 



h 14 



1 V 



1.31 

f Is 



11:5? 


(i 5M' 






0; 56 ' 


fi 


i.3i 


i iuj 


0.5/ 


(i 13; ft 




::.i'i4 


0.5* 


f' 15 'ft 


i.3S 


24i ,J 




7 1 ift 


i,p; 


3.i c 





3>i3 


4.58 




: 3:52 


4.72 


40 


3.62 ■ 




4'- 




4,04 




3$3 


5.13 



... , IJ 
1 * i 



! ^ 



4.1 



0.60 


: 3 '6 


i;45 


"| M 




•!.-!" 


(>,!»! 


0.M 
0.6? 


'.' VJ i 


M'J 

1:5? 


3.31 


>.!'3 
* ' fi 


i 

: ri: 
i i ; i 

4. si 


• " ; 1 4 

;>:: ,: j 
V-!4 


O.f.3 


; 946 


I.v 




v ; 


: 03 




(i.fvi 

().fi5 


1 i 1 '<" 

/ ! i id 

; 13; ft 
; 1 5 ! 6 


1 . iV" 


- 1 


3.40 


fi.;Ji! 


0.0; 


8 ! ft 


1.71 








7 [h 

■ "ii 


ii.fiv . 


, c ; 3 1? 


• 1.74 


2.M 


y.% 


5 ">K 






S i -i 


i . 7X 


3. 7 o 




C .|() 



















.30 
.24 



\ 

3K 
41 
4- 



!.fi3 
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TABLE 7 iFoiitiiiucdj-Flbw over Reetaiuiuiar Contracted Weirs in Cubic Feet per Second 



iii feel 
M I! " 



Head 
in incites 
itpprbx. 



Crest Length (L) 



.U loot 1.5. feci 2.0 feci 3.0 feet 4.0 feet 



Flow in cabic ieet per s 



Fox .each 



foot of crest 
in. excess 
of 4 feci, 
(approx). 



0.70 


8 3/8 


1:82 


2.76 


I 3.71 


i 5.61 


• 7.52 


1.91 


0.71 


8 1/2 


1.86 


2.8.1. 


3.78 


5.73 


: 7.68 




0:72 


8 5/8 


1.90 


2.87 


3.86 


5.85 


7.84 


1.99 


0.73 


8 3/4 


1.93 


2.93 


^ A-i 

3.94 


' 5.97 


8.00 


2.1b 


0.74 


8 7/3 

> 


1.97 


2.99 


4.02 


6,09 


8,17 


"i rib 

2,08 


0.75 


9 


2.01 


3.05 


4.10 


6.21 


8,33 


2:12 


0.76 


9 1/8 


2.05 


3.11 


4.18 


6,33 


8.49, 


2:16 


0.77 


9 1/4 


2.09 • 


3.17 


4.26 


6.45 


8:66 


2.21 


0.78 


9 3;8 


2.13 


3.23 


4.34 


6:58 


8:82 


2.24 


0.79 


9 1/2 


2.17 ■ 


3.29 


4.42 


6.70 


8.99 


2.29 


0.80 


9 5/8 


2.21 


3,35 


4.51 


6.83 


9,16 


2.33 


0.81 


9 3 /4 

9 13/16 1 


2.25 


3.41 


4:59 


6.95 


9.33 


2.38 


0.82 


2.29 


3:47 


4:67 


7.08 


9.50 


2.42 


0.83 


9 15/16 


2.33 


3.54 


4.75 


7.21 


9.67 


2.46* 


0.84 


10 1/16 


2.37 


3:60 


4.84 


7. 33 


9.84 


2.51 


0.85 


10 3/16 


2:41 


3.66 


4.92 


7.46 


10.01 
KM") 


2.55 


0.86 


i0 5/16 
10 7/15 


2.46 


3.72 


5.01 


7.59 


2.60 


0.87 


2.50 , 


■ 3.79 


5,10 


7.72 


10.36 


2.64 


(1.88 


109/1.6. 


2.54 


3.85 


5.18 


7,85 


10.54 


2:69 


0.89 


10 11/16 


2.58 


3.92 


5.27 , 


7.99 


10.71 i 


2.72 
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TABLE 7 (ContBMto over Rectangular Contracted Weirs in Cubic Feel pcrr^econd 



in feet 



Head 



m 







U.VU 


10 11/16 


0.91 


10 15/16 


0:92 


11 1/16 




11 J / i u 


0:94 
0.95 




0.96 
0.97 

0.93 


11 1/2 

ii 5/s 

11 3'4 


0.99 


1 1 7/8 


1.00 


12 


1.01 


12 1/8 


1.02 


12 1/4 


1.03 


12 3.8 


1.04 


12 !'2 


1.05 


12 58 


1.06 


12 M 


1.07 


12 131o 


\M 


12 15:16 




13 116 



Crest Length (Lj 

.0 foot ! 1.5 feet ' 2.0 feet 3.0 feet 

Flow in cubic feet per second 

8.12 



2.62 
2.67 
2.71 
2:75 
2.79 

2.84 

2:88 

2.93 
2.97 
3.01 

3.06 



3:98 

4.05 



4.11 
4.18 
4.24 



4-31 
4.37 
4.44 
4.51 
4.57 

4.64 
4.7! 

4.78 
4 85 

4:98 

5.05 
5.12 
5.20 



5.44 
5.53 
5,62 
5.71 

5.80 
5.89 
5.98 
6.07 
6.15 

6.25 
6.34 
6.43 



6.62 

6.71 
6.80 
6,90 
6.99 
7.09 



8.38 
8.52 
8.65 



8:79 
193 



v.O;. 
9.20 

9.48 
9.62 
0.76 
<;.9fl 
10.04 



10.18 
10.32 
10.46 
10.61 
10.75 



4.0 feet 


For each 
. additional 
foot of crest 


in excess 




of 4 feet, 
(approx.) 


in 

ii ifil 


i 

1 i-li 

• A.I I 


1 1 .1)7 

1 1 <k 

i i )U 


i z.oz 
i 3 87 

i 1 (51 


11.4.) 
!i;6l 


! 2.96 


I ; 1 -71] 
\ \ J) 


,1 , w 


\ i no 




[/. 10 




L..H 




12.51 




13.72 


3.24 


!?$ 


3:29 


11 ifi 






J.JO 


13,47 


3.43 


15.66 


3.48 

i 3,53 


13.85 
14:04 


3.58 


14:24 


' 3.63 


14.43 


; 3.68 

| . ... 
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TABLE 7 (Continued) — Ftnw over Rectangular Contracted Weirs in Cubic Feel per tea 



Head 


Head 


in feet 


in inches 


HUH 
J 1 


approx; 


1. IU 


h \ f\ ifi 

1.1 j/ 10 


1.11 


!3/iT 


1.12 


X 7/16 


1.13 


/ 13 9/16 


1.14 


/ 13 11/16 


i 3 r / 

vl.15 / 


u 13/ It) 




13 15/16 




14 1/16 


1:18 


14 i/.lo 


i t Pi 

l.!v 


14 1/4 


1:20 
i K 


14 j/o 
i/f in 


1.21 
1.22 


14 l/i 
14 5/8 


1*23 


14 3 /4 


!.24 


7/8 


1.25 ' 


15... 


1.26 


13 19 


i.27 


15 1/4 


1 .28 


15 5/8 


l;29 


i 15 1/2 



Crest Lenelh(L) 



4.0 r«t 



toOiltitt^tper second 



in excess 
of 4 feet, 



5. 34 


/. 19 


Via on 


14. (H 


1 74 

i.m 


5.41 


7.28 


M; 


14.83 


3.49 


5.48 


7.38 


iil. 


15:33 


3:84 


5.55 


1 -Al 


1 1 . .14 v 


\j.ZZ 


-1 - qo 


5.-62 


1)1 


jj ''«' V 
II. HO \ 




10/1 
. n 


5.69 




\ \ . 04 


\ - - 
v is K1 


J. "O 


S 77 


7 76 


11.79 


NI5.82 
S.02 


4.03 


5.84 


7.86 


11:94 


4.08 


5.91 
5.98 


7.96 


12.09 


!6\23 


4.14 


8:06 


12.24 


\i\ 

V 


Ui 


6. 06 


8.16 


12.39 


16,63 


\ 4,24 


6.13 


8.26 


12.54 


16.83 


\ 4.29 


6:20 
6.28 


; 8.35 


12.69 


17.03/ 


1 4.34 


8.46 


12.58 


17.25 


4.40 


6:35 


8.56 


12.99 


17.45 


4 46 


6.43 


8.66 


13.14 


17,65 


4:51 






13,30 


17:87 


4:57 






13.45 


18.07 


4:62 






i3.6i 


18:28 


4:6? 






13.77 


18 50 


4.73 
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'ABLE 7 (Continued )— Flow over Kcctaniiular Cor.'.raclcd Weirs in Cubic Feci per Second 



in .feet 



.3(1 
;31 
.32 

i ^ 

.34 

.35 
.36 
.37 
.38 
.39 

.40 
.41 
.42 
.43 

.44 

4^ 
.46 
M 
.48 
.49 
.511 



in 

appro! 



!5 5, ; 8 
15 3;4 
15 13/16 
15 



16 l/'lfi 



16 3/16 
16 5.16 

i6 7/i6 



16 



17 1/4 



17 3/8 

i? 13 

17 5/8 
!7 3/4 
17 7/8 
18 



16 13/16 I 

16 15/16 ! 

17 j/16 I 



.0 lob! 



Crest Lcnir 



) iCLi 



2.0 led 



:•'! 



low in iiioio led per <■ 



13.93 
14.09 
14.24 
14,10 
14.50 



14,7! 
14.83 

is iU 



15:3! 
15:36 

15.53 
15.69 
15.85 
16.0? 

; 16.19 

I .. .. 

J 16.34 

I 16 5! 

I ifi.fi 1 - 

I 16.85 



17. 01 

nil 



eei 



18.71 
18.92 
19.12 
19.34 
19.55 

19.77 

20.20 



! 20:64 

20.86 

21 .OS 
I 21.29 

21.53 
■ 21.74 

: 21.96 

1 22.18 

I 22.41 

1 ■ 22.64 

[ 22,85 



For each 
additional 
foot ui" crest 
in excess 



of 4 feet 



4.78 
4.82 
4.88 
4.94 
4.99 

5.05 
5.10 
5; 16 
5:22 



5.33 
5.39 
5.44 
5,50 
5.55 

5.62 
5.67 
5.73 
5.79 
5.84 
5.91 
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TABLE 8— Flow over 9iV V Notch Weir in Cubic Ret per Second 

and Gallons per Minute 



Head in feet 
" R ,- 



0. 10 
0. 1 1 
0.12 
0.13 
0. 14 



0. 15 
0. 16 
0.17 
0 18 
0. 19 



0.20 
C.2I 
0.22 
0.23 
0.24 



0.25 
0.26 
0.27 
0.28 
"0.29 



0:30 
0.31 
0:32 

0:33 

0.34 



0.35 
0.36 
0.37 
0.38 
0.39 



Head in inches 
(approximate) 



3/16 
5/ i 6 
7/16 
9/16 
11/16 



I 13/16 

1 15 16 

2 1M6 
2 3/16 
2 1/4 



2 3/8 

2 1/2 

2 5/8 

2 3/4 

2 7/8 



3 . 

3 1/8 

3 1/4 

3 3/8 

3 1/2 



3 

3 3/4 
3 13/16 

3 15/16 

4 1/16 



4 3/16 
4 5/16 
4 7/16 
4 9/16 
4 H/16 



Flow in cubic feet 
per second 



0:008 

0.010 
0.012 
0.016 
0.019 



0.022 
0.026 
0.031 
0.035 
0.040 



0.046 
0.052 
0.058 
0.065 
0.072 



0.080 
0.088 
0.096 
0.106 
0. 115 



0. i 25 
0. 136 
0. 147 
0. 159 
0. 171 



0. 184 r 
0.197 
0.21 i 
0.226 
0.240 



How in gallons 
per minute 



4.5 
5.4 
7.2 



9.9 
11.7 

13.9 
15.7 
18.0 



20.6 
23.3 



26.0 
29.2 
32.3 



35.9 
59:5 
43. 1 

47:6 



56. 1 
61 .0 
66.0 
7! .4 
76.7 



82.6 
88.4 
94.7 
101.0 
108.0 
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TABLE 8 (Continued)- 



-Flow over 9 0 h V Notch Weir in Cubic Feet per Second 
and Gallons per Minute 



Head in inches 
■ (approximate) 



4 13/16 
4 
5 

5 3/16 
5 1/4 



5 3/8 

5 1/2 
5 
5 

5 7/8 



1/8 



6 
6 

6 1/4 

6 3/8 

6 1/2 



6 5/8 
6 3/4 
6 13/16 

6 15/16 

7 1/16 



7 3/16 
7 5/16 
7 7/16 
7 9/16 
7 11/16 



7 13/16 

7 15/16 

8 1/16 
8 3/16 
8 1/4 



Flow in cubic feet 
per seeond 



0.256 
0.272 
0.289 
0.306 
0.324 



0:343 
0:362 
0:382 

0:403 
0.424 



0.445 
0.468 
0.491 
0.515 
0.539 



0.700 
0.730 
0.760 
0.790 
0.822 



0.854 
0:887 
0.921 
0:955 
0.991 



Flow in gallons 
per minute 



115 
122 
13Q 
137 
145 



154 
162 
171 
181 
190 



200 
210 
220 
231 
242 



0.564 


; ' 253 


0.590 


265 


0.617 


I 277 


0.644 


| 289 


0.672 


1 302 



314 
328 
341 
355 
369 



383 
398 
413 
429 
445 
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TABLE 8 (Continued)— Flow over 90" V Notch Weir in 

and Gallons per Minute . 



set" pt 



Head in feet 
• H " 



0.70 
0-71 
0.72 
0. 7.1 
0.74 



0.75 
0.76 
0.77 
0.78 
0.79 



0.80 
0.81 
0.82 
0.83 
0.84 



0.85 
0.86 
0.87 
0.88 
0.89 



0.90 
0.91 
0.92 
0.93 
0.94 



0.95 
0.96 
0 ; 97 
0 98 
0.99 



Head in inches 
(approximate) . 



8 3/8 
8 1/2 
8; 5/8 
8 3/4 
8 7/8 



1/8 



9 
9 
9 

9 3/8 
9 1/2 



9 

9 3/4 

9 13/16 

9 15/16 

10 1/16 



10 3/16 

10 5/16 

10 7/16 

10 9/16 

10 11/16 



10 13/16 

10 15/16 

11 1/16 
11 3/16 
11 1/4 



11 3/8 

11 1/2 

11 5/8 

11 3/4 

II 7/8 



Flow in Cubic feet 
per second 



1.03 
1 .06 
1 . 10 
1 . 14 
1. 18 



1 .22 
1 .26 
1 .30 
! .34 
1.39 



.43 
.48 
.52 
.57 
.61 



1 .66 
1 ;71 
1.76 
1.8! 
1.86 



1.92 
1.97 
2.02 
2.08 
2.13 



2.19 
2.25 
2.31 
2.37 
2.43 



Flow in gallons 
per minute 



462 
476 
494 
512 
530 



548 
566 
583 
601 
624 



642 
664 



705 
723 



74: 
767 
790 
812 
835 



862 
884 
907 
934 
956 



983 
1,010 
1,037 
1,064 
1,091 
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TABLE 8 (Continued) — Flow over 90'' V Notch Weir in Cub i c F ec i 

arid Gallons per Minute 



■ Second 



hi cad in feet 
" H •• 



1 .00 
1 .01 
1 .02 
1 .03 
J .04 



Head in inches 
(approximate) 



2 1/8 
2 1/4 
2 3/8 



12 



Flow in cubic feet 
per second. 



2 .49 
2.55 
2.61 
2.68 
2.74 



Flow in gallons 
. per minute 



1,1 1 o 

1,145 
1,171 
1 .203 

i,2?o 



! :05 
1 .06 

1 :07 
! :0S 
1 .09 



1 



0 



1.11 
1.12 
1.13 
I . 14 



15 
16 
17 
18 
19 



I -20 
1.21 
1 .22 
1.23 
1.24 
1.25 



2 5/8 
2 3/4 
2 13/16 

2 25/16 

3 1/16 



3 3/16 
3 5/16 
3 7/16 
3 9/16 
3 11/16 



13 13/16 

13 15/16 

14 1/16 
14 3/16 
i4 1/4 



14 3/8 
14 1/2 
14 5/8 
14 3/4 
14 7/8 
15 



2.81 
2.87 
2.94 
3.0! 
3.08 



3.15 
3.22 
3.30 
3.37 
3.44 



3.52 
3.59 
3.67 
3.75 
3.83 



3.91 
3.99 

4:07 

4.16 
4.24 
4.33 



,288 
:320 
I .-35 J 
h382 



1,414 
1,445 
1,481 
1,513 
1,544 



1,580 
1,611 
1.647 
1,683 
1,719 



-!,755 
1,791 
1,827 
1,867 
1,903 
1,943 




TABLE 9 — Linear Measurement 



1 inch 

I foot 

1 yard 

1 mile 

1 mile 

1 league 

1 nautical mile 

1 surveyor's chain 

1 engineer's chain 

TABLE 10 — Areir Measurement 

1 hectare 

1 acre 

I acre 

1 acre 

1 acre 

1 square mile 

j square mile 

1 square mile 

1 square* kilometer 

j square kilometer 

I aere 



1000 mil's 

12 inches 

3 feet 

5280 feet 

8 furlongs 

3 miles 

6080.2 feet 

100 links - 66 feet r 

J00 feet 

2.47 1 acres 
0.40468 hectare 
4840 square yaids 
43560 square feet . 
.00156 3 square miles 
640 acres 
259 hectares 
2.59 square kilometers 
0.3861 square miles 
100 hectares { 

10 square surveyor's chains 



TABLE 1 1— Decimal and Fractional iiiniivalcm.s of Parts of an Inch 



Xths aiul iMhs 32iicls Wilis 



1 


. 155 


1 


.031 25 


1 


.01 5f»25 




. ^ 1 5<»25 


3 


: 250 


3 


.09375 


. 3 


.046875 


35 


. 546875 




.375 


5 ■ 


. 15625 


5 


: 078 125 


37 


: 578 125 


4 


.500 


7 


- .21875 


7 


. 109375 


39 


.609375 


5 


.625 


9 1 


.28125 


9 


.140625 


41 


• .640625 


6 


.750 


II - 


.34375 


1 1 


: .171875 


43 


.671875 


7 


.875 


13 


.40625 


i: 


.203125 


45 


• : 703 125 




i 6ths 


15 


.46875 


15 


.234375 


47 


■ .734375 


i 


:0625 


17 


- .53125 


17 


. 265625 


49 


.765625 


3 


. 1875 


19 


.59375 


19 


.296875 


51 


:?%875 


5 


.3125 


21 


.65625 


21 


: 328 125 


53 


.828125 


7 


.4375 


23 


.71875 


23 


.359375 


55 


.859375 


9 


: 5625 


25 


. 78 1 25 


25 


. 390625 


57 


.890625 


1 1 


. 6875 


27 


.84375 


: 27 


.421875 


59 


:921875 


13 


.8125 


29 


.90625 


29 


.453125 


61 


.953125 


15 


.9375 


31 


: 96875 


31 


.484375 


63 


.984375 



96 



110 

ERIC 



Since 1961 when the Piece Oorpe vae crucid, more then 80,000 Ui8; cieieene Have aajrvad 
ei Vdluntiiri In deveIopin| countriei, livin^ and wrking among the people of the Third 
Vtorld M_cqlleaguee and co-workare. Today 6000 PCVi ari Involved in program© deeigned 
to kelp etrengthen local capacity. to addrii» auch fund«a«ntal concirni ai food 
production, water iuppty, energy devetopaent ; nutrition and health education and 
reforestation* 



Loret Millar fas^pe, Director.. 

Everett Alvarer, Jr. Deputy Director- 

Richard B. Abell, Director, Office of Programming and Training Coordination 



Peace Gorpe ovareeet office*: 



BELIZE 

P.O. Box 4c7 

B«llse City 



BENIN - 
BP 971 
Co tonou 

BOTSWANA _ 
P.O. Box 93 
Geborone 

CAMEROON 
BP 81? 
Yaounde 



P.O. Box 1094 
Suva 



GABON 

Libreville 

GAMBIA j Tbg 
P.O. Box 582 
Banjul 



GHANA 

P.O. Box 5796 
Accra (North) 



MALAYSIA 

177 Jalan Raja Muda 
Kuala Lumpur 

M ALI 

Bamako 



BP 222 
Nouakchott 

MICRONESIA 
P.O. Box 336 
Sal pan » Ifcriana 
Ielacde 



SEYCHELLES 
Box 554 
Victoria 



SIERRA LEONE 
Private Mill Bag 
Freetown 



SOLOMON ISLANDS 
P.O. Box 557 
Honiara 



P.O. Box 362 
Mbabane 



CENTRAL .AFRICAN 
REPUBLIC 
BP 1080 
Bangui 

C HILE 



_C*§ill§_27-D 
Santiago 



6a Avcnlda 1-46 
&ni 2 
Guatemala 



HONDURAS _ 
Apertadb Postal 

C-5X 

Tegucigalpa 



MOROCCO 

X, Rue Banter te 
Rabet 



NEPAL 

F.O* Box 6X3 
Kathmtodu 



TANZANIA 
Box 9123 
Dar «i Salaam 



THAILAND 



f?_Sqi Sonpraebtig 2 
Patchburi Road 
Bangkok 4 



COSTA RICA 
Apirfldb Poetal 

1266 

San Joee 



DOMINICAN -REPUBLIC 
Apertado Poetal 

14X4_ 
Santo Domingo 

EASTERN CARRIBBEAN 

Including: Mtigue 
Barbedoe, Granada, 

M^ntearrati 

Bt .KltterNevie, 
8t .tucll,& • 
Vincent , Do* in Ice 

"Erin Court"- 

Kihopi CourtHill 

P.0._3bx 696-C 

kidgatown, larbedoe 



JAMAICA 

9 Muegrovt Avenue 
Kingeton 10 

KENYA 

P.O. lox 5b5XB 
Nairobi 

U^OTHO 
P.O. Box 554 
Ha ear u 

LIBERIA 
lox 707 
Monrovia 

MALAWI 
Box 208^ 
Lilongwe 



NIGER _ _ 
BP J. 0537 
Niamey 



P.O. Box 966 
Huicat 



PAPUA NEW GUINEA 
c/o itaarican Bftbaeey 
Port Moraiby 



PARAGUAY _ 

c/o American Enbatey 
Aaunclon 



P.O. Box 70X3 
Manila 



TONGA 
BP X47 
Nuku'Alofa 

TUNISIA 

87! Ave. Louia 

_2r*ille 

Timi ■ 

BP 537-Saaandin 
Ouagadougou 



WESTERN SAMOA 
P.O. Box 880 
Apia 



ECUADOR _ 
daeilia 635-A 

QiiiEb 



tuivni 

c/o American Babaeey 
Kigali 



BP 254 
Dakar 



YEMEN 

P757 Box 1X51 
Sane'e 



ZAIRE 

BP_6?7 

Kinehaaa 



in 



BEST COPT ySMiiAflif 



